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INTRODUCTION AND HISTORICAL
In 19l|-0, Waksman (1) succeeded  i n  i s o l a t i n g  th e  
f i r s t  t r u e  a n t i b i o t i c  p roduced  by Actinomyces (now S t r e p t o — 
m vces) a n t i b i o t i c u s . This  a n t i b i o t i c  was c a l l e d  a c t in o m y c in  
A. I t  was c r y s t a l l i z e d  a s  a r e d —pigmented  su b s ta n c e  p o s s e s s ­
in g  h i g h  a c t i v i t y  a g a i n s t  many Gram—p o s i t i v e  b a c t e r i a ;  b u t ,  
i t  was somewhat l e s s  a c t i v e  a g a i n s t  f u n g i  and Gram—n e g a t i v e  
b a c t e r i a .  To e x p e r i m e n t a l  a n im a l s  th e  a n t i b i o t i c  was h i g h l y  
t o x i c ,  doses  of 0 .5  t o  1 .0  m g . /k g .  o f  body w e ig h t  b e in g  
l e t h a l .  However, t h e  r e c o g n i t i o n  o f  th e  c y t o s t a t i c  p rop­
e r t i e s  o f  th e  a c t in o m y c in s  a ro u s e d  i n t e r e s t  i n  t h e i r  
p o t e n t i a l  a n t i c a n c e r  a c t i v i t i e s  (2 ) .
S ince  th e  d i s c o v e r y  by Waksman ( i ) ; v a r i o u s  a c t l n o — 
mycins have been  p ro d u c e d .  An example i s  th e  a c t in o m y c in  C 
m ix tu r e  i s o l a t e d '  from S t re p to m y ce s  c h ry s o m a l lu s  ( 3 ) .  Brock— 
mann h as  shown t h a t  the  m ix tu r e  c o n s i s t e d  of t h r e e  d i f f e r e n t  
a c t in o m y c in s  (C-^, 0 3 , and C3 ) ,  w h ich  d i f f e r e d  on ly  i n  th e  
p o l y p e p t i d e  p o r t i o n  of  th e  m o lecu le  (lj.,5 ) .
The e l u c i d a t i o n  of  th e  s t r u c t u r e s  of  th e  ac t inom y— 
o i n s  was s t a r t e d  by Brockmann on a c t in o m y c in  C3 , and i n  
1956  he and h i s  cow orkers  e s t a b l i s h e d  v i a  a d e g r a d a t i o n  
scheme t h a t  th e  s t r u c t u r e ,  I ,  o f  t h i s  a n t i b i o t i c  c o n ta in e d  
th e  chromophore of  2—amino—14. , 6—d im e th y l—3—0x 0—p h e n o x az in e—
1 , 9—d i o a r b o x y l i c  a c i d  which  was a t t a o h e d  by an  amide l i n k a g e  
t o  a p o l y p e p t i d e ,  L—t h r e  onyl—D—a 110 i s  o le  ucy1—L—p r o l y 1sa rc  osy1— 
L - N - m e t h y lv a l in e ,  c y c l i z e d  by l a c t o n e  f o r m a t i o n  be tw een  th e
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
t e r m i n a l  c a r b o x y l  g roup  of  v a l i n e  and th e  h y d r o x y l  g roup  of  
th e  t h r e o n y l  f r a g m e n t .  This s t r u c t u r a l  a s s ig n m e n t  was sub­
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In  1956, Schmidt—K a s t n e r  ( 6 ) i n t r o d u c e d  a a r c o a i n e  
t o  a S t rep to m y cea  a t r a i n  which  n o r m a l ly  gave o n ly  a c t i n o — 
mycin C3 . Now a c t in o m y c in  C p lu a  a e v e r a l  new a c t in o m y c in a  
i n  which  a a r c o a i n e  waa i n c o r p o r a t e d  a t  abnorm al  p o a i t i o n a  in  
t h e  p o l y p e p t i d e  p o r t i o n  o f  th e  m o le cu le  were  p r o d u c e d .
S e v e r a l  abnormal amino a c i d a  harre a l a o  b e e n  i n c o r p o r a t e d  
i n t o  th e  p o l y p e p t i d e  p o r t i o n  o f  a c t i n o m y c i n a  by i n t r o d u c i n g  
t h e  abnorm al  amino a c i d  d i r e c t l y  i n t o  t h e  c u l t u r e  medium.
In  none o f  t h e a e  c a a e a ,  h o w e v e r ,  c a n  a c o n t r o l  o f  t h e  r e l a ­
t i v e  p o a i t i o n  o f  i n t r o d u c t i o n  o f  t h e  amino a c i d a  be a c h i e v e d .
The b i o a y n t h e t i c  o r i g i n  of  th e  h e t e r o c y c l i c  p o r t i o n  
o f  a o t in o m y c in  waa a u g g ea ted  by Katz (7) t o  be t r y p to p h a n  
( V I I I ) .  He p o a t u l a t e d  t h a t  S t rep to m y cea  a n t l b l o t l c u a  
m e t a b o l i z e d  t r y p t o p h a n ( V I I I )  v i a  k y n u r e n in e ( IX )  and 3— 
h y d ro x yk y nu ren in e (X )  t o  3—h y d r o x y a n t h r a n i l i c  a c i d ( X I ) ,  which
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5t h e n  undergoes  m e t h y l s t i o n  by m e t h i o n in e ( X I I )  a t  th e  im­
p o s i t i o n  t o  y i e l d  th e  3—hydroxy—if—m e t h y l a n t h r a n i l i c  a c i d  
( X I I I ) .  As su g g e s te d  by Brockmann ( 5 ) ,  X I I I  was p o s t u l a t e d  
t o  undergo  s e l f  c o n d e n s a t i o n  t o  g iv e  the  2-am ino- i j . ,6— 
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6Prom s t u d i e s  on t h e  b i o l o g i c a l  mechanism o f  a c t i o n  
o f  a c t i n o m y c i n  D ( 1 0 , 1 1 , 1 2 ) ,  i t  was c o n c l u d e d  t h a t  a c t i n o — 
m y c in s  h a v i n g  a p p r o p r i a t e  s t r u c t u r a l  f e a t u r e s  b in d  t i g h t l y ,  
b u t  r e v e r s i b l y ,  t o  DNA. The bound DNA can  no l o n g e r  s e r v e  
a s  a t e m p l a t e  f o r  t h e  s y n t h e s i s  o f  RNA, t h e r e b y  t e r m i n a t i n g  
RNA and c o n s e q u e n t l y ,  p r o t e i n  s y n t h e s e s .
C l i n i c a l l y ,  th e  most  p u b l i c i z e d  of  th e  a c t in o m y c in s ,  
a c t in o m y c in  D, ( r e p la c e m e n t  o f  two m o le c u le s  of  D - a l l o i s o — 
l e u c i n e  by two m o le c u le s  of  L—v a l i n e  i n  S t r u c t u r e  I ) ,  Was 
found t o  cause  r e g r e s s i o n  of  two c h i ld h o o d  n eop lasm s ,  Wilms'  
tumor and embryonal  rhabdomyosarcoma, and a l s o  t o  show 
modes t  e f f e c t s  i n  H o d g k in 's  d i s e a s e  (9)»
The c h e m i c a l  and p h a r m a c o l o g i c a l  i n t e r e s t  i n  a c t i n o —  
m y c in s  s u g g e s t e d  t h e  im p o r ta n c e  o f  s p r o j e c t  o f  s y n t h e s e s  o f  
compounds c o n t a i n i n g  t h e  two t y p e s  o f  s y s t e m s  fou nd  i n  th e  
a c t i n o m y c i n s ,  t h a t  i s ,  a h e t e r o c y c l i c  n u c l e u s  and a p o l y ­
p e p t i d e  s y s t e m .  C o n s e q u e n t l y ,  s i n c e  t h e i r  d i s c o v e r y ,  much 
i n t e r e s t  h a s  b e e n  shown i n  t h e  s y n t h e s i s  o f  a c t i n o m y c i n  
a n a l o g s  i n  an a t t e m p t  t o  r e d u c e  t h e  t o x i c i t y ,  w h i l e  r e t a i n ­
i n g  t h e  a n t i b i o t i c  a c t i v i t y .
Brockmann p r e p a r e d  t h e  f i r s t  a n a l o g s  o f  a c t i n o m y c i n s  
by  m o d i f i c a t i o n  o f  t h e  s u b s t i t u e n t s  on t h e  h e t e r o c y c l i c  r i n g  
i n  t h e  n a t u r a l  p r o d u c t  by  c h e m i c a l  m ea n s .  For  e x a m p le ,  r e ­
p l a c e m e n t  o f  t h e  2 -a m in o  group  w i t h  c h l o r i d e  by t h e  r e a c t i o n
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7of  t h e  n a t u r a l  p r o d u c t  w i t h  h y d r o c h l o r i c  a c i d  gave th e  
desamino a c t i n o m y c in ( X V I I ) . XVII on r e a c t i o n  w i t h  t h i o n y l  
c h l o r i d e  waa" c o n v e r t e d  t o  t h e  c h l o r o  a c t i n o m y c in ,  XV III .
P e p t id e  P e p t i d e  
C=o C=0
HC1
P e p t i d e  P e p t id e
I i









M o d i f i c a t i o n  o f  t h e  h e t e r o c y c l i c  p o r t i o n  of  a c t i n o — 
mycins would be e x p e c te d  t o  be d i f f i c u l t  by b i o l o g i c a l  syn­
t h e s i s  s i n c e  th e  b a c t e r i a  would p r o b a b l y  n o t  i n c o r p o r a t e  new 
h e t e r o c y c l i c  a c i d s  i n t o  th e  a n t i b i o t i c  m o le c u l e .  F u r t h e r ­
more,  a s  ha s  b e e n  p o i n t e d  o u t ,  a c o n t r o l  of  t h e  r e l a t i v e  
p o s i t i o n  o f  i n t r o d u c t i o n  o f  t h e  amino a c i d  u n i t s  oan n o t  be 
a c h i e v e d  by b i o l o g i c a l  s y n t h e s i s .  T h e r e f o r e ,  i t  a p p ea re d  
t h a t  a g e n e r a l  method o f  s y n t h e s i s  o f  a c t in o m y c in  a n a lo g s  
would r e q u i r e  a t o t a l l y  c h em ic a l  method o f  p r e p a r a t i o n  i f  
t h e  a n a lo g s  were n o t  t o  be s y n t h e s i z e d  from th e  n a t u r a l  
p r o d u c t .  The im p o r tan c e  o f  t h i s  a p p ro a c h  h a s  b e en  e v id e n ce d
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8by s e v e r a l  p u b l i c a t i o n s .  Brockmann ( 8 ) p r e p a r e d  th e  
f i r s t  t r u e  a n a lo g  (XVla) of  th e  a c t in o m y c in s  by th e  a i r  
o x i d a t i o n  o f  an aqueous s o l u t i o n  o f  m e th y l  2-am ino—3- h y d ro x y — 
l l -m e thy lh ip pu ra te (X V )  i n  ammonium c a r b o n a t e .  Mauger (23) 
r e p o r t e d  th e  s y n t h e s i s  of  a c t i n o c i n y l —b i s —g l y c i n e  e t h y l  
e s t e r ( X V I b )  and o f  some d e r i v a t i v e s  o f  3—b e n z o y l o x y - ^ -  
m e th y l—2—n i t r o b e n z o y l —L—t h r e o n i n e  ( I I )  by th e  method of  
Brockmann ( 6 ) .  W e i n s t e i n  (13) p r e p a r e d  a c t i n o c i r y l - b i s -  
L—t h r e o n i n e ( X V I c ) ,  i t s  d im e th y l  e s t e r  (XVId), and i t s  d i -  
amide (XVIe) by o x i d a t i v e  p r o c e d u r e s  a l s o  s i m i l a r  t o  t h a t  
r e p o r t e d  by Brockmann ( 6 ) .




XVI a ,  R--H; R*0H
b ,  R=H; R‘ =0CH2CH3 
0 , R=CH3CH(0H)j R=OK
d, R=CH3CH(OH); R'=OCH3
e ,  R=CH3CH(OH)j R'=NH2
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9P r e d r o d i t e l e v a  (20) p r e p a r e d  s e v e r a l  d e r i v a t i v e s  of  
s u b s t i t u t e d  1—p h e n o x a z in e c a r b o x y l i c  a c i d ,  s t a r t i n g  w i t h  3— 







2) SnCl2 , HC1
3 ) (ch3 c o ) 2 o












P e p t i d e  d e r i v a t i v e s  h a v in g  p h e n az in e  a s  th e  h e t e r o ­
c y c l i c  n u c le u s  were p r e p a r e d  by Yoshioka ( 2 1 ) .  S t a r t i n g  
w i t h  1—p h e n a z i n e c a r b o x y l i c  a c i d  chloride(XXXV) and an  amino 
a c i d  o r  amino a c i d  e s t e r ,  t h e  m onopep t id es  i n d i o a t e d  below 
were s y n t h e s i z e d .  In  o r d e r  t o  p r e p a r e  d i p e p t i d e  d e r i v a t i v e s ,  
th e  g l y c i n e  d e r i v a t i v e  was c o n v e r t e d  t o  th e  a z i d e ,  XXXVI,
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b y  r e a c t i o n  w i t h  sodium n i t r i t e  i n  a c e t i c  a c i d .  The a z i d e '  
XXXVI, on r e a c t i o n  w i t h  v a r i o u s  amino a c i d s  or  amino a c i d  




amino a c i d s  o r
amino a c i d  
e s t e r s
R=NHCH2C02CH3
=nhch2 co2h
=nh ch ( ch^ ) co2 h
=NH0H(CH2 CH3)C02H 
=NHCH [cH(CH3 ) 2] C02 H 
=NHCH [CH2 CH(CH3  ) 2] C02H
UNHOH CON !-R
amino a c i d s  or
amino a c i d  
e s t e r s
XXXVI
R=NHCH2 C0NHCH2 C02 CH2 CH3 
= NHCH2 C0NHCH2 C02H 
=NHCH2 C ONHCH( CH3 ) c o2h  
=NHCH2 C0NHCH(CH3 ) C02 CH3  
=NHCH2 C0NHCH( CH2 CH3 ) C02 CH2 CH3 
=NHCH2 C ONHCH( CH2 OH) C02 CH3
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Wu (22) s y n t h e s i z e d  s e v e r a l  a c t in o m y c in  a n a lo g s  w i t h
n i c o t i n i c  a c i d  as  th e  h e t e r o c y c l i c  m o ie t y .  The use of  th e  
a z i d e ,  a n h y d r i d e ,  c h l o r i d e  and p—n i t r o p h e n y l  e s t e r  of  n i c o ­
t i n i c  a c i d  f o r  a c t i v a t i o n  o f  th e  c a r b o n y l  f o r  amide form a­
t i o n  was i n v e s t i g a t e d .  The most  s u c c e s s f u l  g e n e r a l  r e a g e n t  
f o r  t h e s e  p r e p a r a t i o n s  was found t o  be n i c o t i n y l  a z i d e  
(XXXVII). The r e s u l t s  of  t h i s  s t u d y  a r e  summarized be lo w .
Using 3—n i t r o s a l i c y l i c  acid(XXXVIII)  a s  a s t a r t i n g  
m a t e r i a l ,  Wu (22) a l s o  p r e p a r e d  a number o f  amino a c i d  e s t e r  
d e r i v a t i v e s  of 2—amino—3—oxo—p h e n o x az in e - i | . ,6- d i c a r b o x y l i c  
acid(XXXIX), i n  which  th e  p h y s i o l o g i c a l  a c t i v i t y  was g r e a t e r  
t h a n  t h a t  of  th e  n i c o t i n i c  a c i d  d e r i v a t i v e s  l i s t e d  above .
0
amino a c i d
r=nhgh2co 2h
= d l - n h c h ( c h 3 )co 2h
= It-NHCH(CH3 )C 02H 
=DL—NHCH [CH( CH^) JcOgH 
=L—NHCH [CH2 CH ( CH3 ) ^ COgH 
"DL—NHCH( CH2C6H £) C02H
=o-nh2c 6h^co 2h







2 ) amino a c i d










As h a s  b e e n  d e m o n s t r a te d  a bove ,  th e  a p p ro a c h  t o  th e  
c h e m ic a l  s y n t h e s i s  o f  a c t in o m y c in  a n a lo g s  u s u a l l y  r e q u i r e d  
t h e  p r e p a r a t i o n  o f  a h e t e r o c y c l i c  a c i d .  V a r io u s  d e r i v a t i v e s ,  
e s p e c i a l l y  th e  amino a c i d  o r  amino a c i d  e s t e r  d e r i v a t i v e s ,  
o f  th e  h e t e r o c y c l i c  a c i d  were t h e n  u s u a l l y  p r e p a r e d  i n  
o r d e r  t o  i n v e s t i g a t e  t h e i r  c h e m o th e r a p e u t i c  v a l u e s .
The s y n t h e s e s  o f  s e v e r a l  a n a l o g s  o f  th e  n o n h e te r o — 
o y o l i c  p r e c u r s o r  o f  a c t in o m y c in  have b e en  r e p o r t e d ,  and 
t h e i r  p h a r m a c o l o g i c a l  a c t i v i t y  has  b e en  compared w i t h  t h a t  
o f  a n a lo g s  h a v in g  a h e t e r o c y c l i c  n u c l e u s .  0 . Rumura ( 1 5 ,
16) p r e p a r e d  a n t i m y c i n  a c i d  (XIX), which was i s o l a t e d  by 
Dunshee (17) from an u n i d e n t i f i e d  s p e c i e s  of  S t r e p to m y c e a .
1
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and i t s  m ethy l  e s t e r  (XX). Senoh (19) s y n t h e s i z e d  N—(3— 
h y d r o x y a n t h r a n i l o y l ) g ly c in e ( X X V ) ,  which  was found  i n  e x c r e t a  
of w h i t e —2- m u ta n t  s i lkworm l a r v a e  i n  which  th e  c o n v e r s i o n  
of  3—h y droxykynuren ine (X )  t o  p igm ent  i s  b l o c k e d .  The low 
degree  o f  p h a r m a c o lo g ic a l  a c t i v i t y  of  XIX, XX, and XXV, 
s u p p o r t  t h e  idea  t h a t  a h e t e r o c y c l i c  m o le cu le  a t t a c h e d  t o  
t h e  p e p t i d e  c h a i n  m ig h t  be th e  r e a s o n  f o r  th e  o bse rved  h ig h  
d e g ree  of  a c t i v i t y  i n  a number o f  a c t in o m y c in  a n a l o g s  h a v in g  









J \ ^ 0CHo
Pd-C
XXIV
II I * 3 
C—NHCHCH(OH) CH
^  .^OCHo
c -n h c h c h ( o h ) c h 3
XIX
































The I n t e r e s t i n g  o h e m o th e r a p e u t i c  p r o p e r t i e s  o f  th e  
complex h e t e r o a r o y l  p o l y p e p t i d e ,  a o t in o m y c in ,  s u g g e s te d  th e  
p o s s i b i l i t y  o f  p o t e n t i a l  a c t i v i t y  f o r  some o t h e r  t r i c y c l i c ,  
h e t e r o a r o y l  sy s te m .  In  c h o o s in g  a t r i c y c l i c ,  h e t e r o c y c l i c  
sys tem  f o r  t h e  s y n t h e s i s  o f  a c t in o m y c in  a n a l o g s ,  c e r t a i n  
c h a r a c t e r i s t i c s  were s o u g h t :  (1 ) th e  s t a r t i n g  m a t e r i a l
sho u ld  be a v a i l a b l e  c o m m e r c i a l ly ;  (2 ) t h e  r i n g  sys tem sh o u ld  
be found i n  some known p h a r m a c o l o g i c a l l y  a c t i v e  compounds;
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(3 ) d e r i v a t i v e s  of  t h i s  h e t e r o c y c l i c  compound an a lo g o u s  t o  
a c t in o m y c in  should  be n o v e l .  These c h a r a c t e r i s t i c s  a re  
s a t i s f i e d  by p h e n o x a t h i i n ( L )  s i n c e ,  (1) p h e n o x a t h i i n ( L )  i s  
a v a i l a b l e  from Eastman Organic  C h e m ica l s .  (2) P h e n o x a t h i i n  
(L) and s e v e r a l  of  i t s  d e r i v a t i v e s  have b e en  shown t o  be 
b a c t e r i o s t a t i c  toward s t r e p t o c o c c i , t o  p o s s e s s  i n s e c t i c i d a l  
p r o p e r t i e s ,  and t o  be a n t h e l m i n t i c s  (2 7 ,34 * 35 )•  (3) The
amino a c i d  and p o l y p e p t i d e  d e r i v a t i v e s  of  p h e n o x a t h i i n ( L )  
would be n o v e l .
A c t inom ycin  p o s s e s s e s  amide c a r b o n y l  g roups  l o c a t e d  
a t  th e  two p e r i —p o s i t i o n s  o r t h o  t o  t h e  h e t e r o c y c l i c  n i t r o g e n  
atom, a s  was shown i n  s t r u c t u r e  I .  I t  a p p ea re d  t h a t  a 
compound p o s s e s s i n g  c a r b o x y l i c  a c i d  g roups  i n  th e  two p e r i — 
p o s i t i o n s  o r th o  t o  th e  h e te r o a to m  (0 o r  S) o f  p h e n o x a t h i i n  
(L) would p ro v id e  th e  c l o s e s t  a n a l o g  i n  s t r u c t u r e  t o  the  
h e t e r o a r o y l  p o r t i o n  of  a c t i n o m y c in .
The e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  p h e n o x a t h i i n ( L )  
n o rm a l ly  l e a d s  t o  t h e  2—s u b s t i t u t e d  and 2 , 8—d i s u b s t i t u t e d  
d e r i v a t i v e s  which  would n o t  be s u i t a b l e  i n  th e  p r e p a r a t i o n  
of  th e  d e s i r e d  d i c a r b o x y l i c  a c i d .  The p o s s i b l e  s y n t h e s i s  
of  th e  d i c a r b o x y l i c  a c i d  by o x i d a t i o n  o f  th e  c o r r e s p o n d i n g  
4 , 6— o r  1 , 9—d i a l k y l  p h e n o x a t h i i n  was n o t  f e a s i b l e  s i n c e  th e  
s t a r t i n g  m a t e r i a l s  were n o t  r e a d i l y  a v a i l a b l e  and o x i d a t i o n  
would have a f f e c t e d  th e  s u l f u r .  A p o s s i b l e  r o u t e  t o  th e  
d e s i r e d  d i c a r b o x y l i c  a c i d  a p p ea re d  t o  be v i a  m e t a l a t i o n .
The a b i l i t y  of  t h i s  r e a c t i o n  t o  y i e l d  o r t h o  p r o d u c t s ,  u s u a l l y  
unmixed w i t h  pa ra  i s o m e r s ,  d i s t i n g u i s h e s  m e t a l a t i o n  from th e
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more f a m i l i a r  t y p e s  o f  e l e c t r o p h i l i c  s u b s t i t u t i o n  and makes  
i t  p o s s i b l e  t o  p r e p a r e  many p r o d u c t s  n o t  r e a d i l y  a v a i l a b l e  
by o t h e r  r o u t e s .
Oilman (Ipl) r e p o r t e d  t h e  s y n t h e s i s  o f  Ip,6—ph en oxa— 
t h i i n d i c a r b o x y l i c  a c id ( L X V I I a )  i n  a 3 ip$ y i e l d  from t h e  d i — 
m e t a l a t i o n  o f  p h e n o x a t h i i n ( L )  w i t h  n—b u t y l l i t h i u m ( X L I ) . An 
improvement o f  h i s  i s o l a t i o n  p r o c e d u r e s  c o u l d  l e a d  t o  th e .  
s a t i s f a c t o r y  a p p l i c a t i o n  o f  t h i s  r o u t e  t o  t h e  d e s i r e d  d i — 
c a r b o x y l i c  a c i d .  I f ,  h o w e v e r ,  t h i s  d i m e t a l a t l o n  a p p ro a ch  
f a i l e d  t o  g i v e  a s u b s t a n t i a l  y i e l d  o f  t h e  Ip, 6—phenoxa t h i i n — 
d i c a r b o x y l i c  s c  i d ( L X V I I a ) ,  t h e n  m e t a l a t i o n  o f  i t s  d e r i v a ­
t i v e s  would  be i n v e s t i g a t e d  in  an a t t e m p t  t o  f i n d  a r o u t e  
t o  a ip ,6—d i s u b s t i t u t e d  p h e n o x a t h i i n  w h ic h  c o u l d  be  c o n v e r t e d  
t o  th e  d e s i r e d  d i c a r b o x y l i c  a c i d .
Gilman (2lp) r e p o r t e d  t h a t  th e  e l e c t r o n  a v a i l a b i l i t y  
o f  t h e  h e t e r o a t o m  wa3 im p o r t a n t  i n  d i r e c t i n g  t h e  a t t a c k  o f  
t h e  n—b u t y l l i t h i u m ( X L I )  t o  a p o s i t i o n  o r t h o  t o  a h e t e r o ­
c y c l i c  a tom ,  tie a l s o  r e p o r t e d  t h a t  th e  d i r e c t i n g  i n f l u ­
e n c e  o f  oxygen  was more im p o r t a n t  th a n  t h a t  o f  s u l f u r .
U s in g  t h e s e  o b s e r v a t i o n s  o f  Gi lm an,  a p o s s i b l e  a l t e r n a t e  
r o u t e  t o  ip, 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (L X V IIIa ) was t h e  
m e t a l a t i o n  o f  Ip—h y d r o x y m e t h y l p h e n o x a t h i i n ( L X X ) , formed by  
r e d u c t i o n  o f  ip—phenoxa t h l i n c a r b o x y l i c  a c i d ( L I I ) .  The e l e c ­
t r o n  d e n s i t y  on th e  p h e n o x a t h i i n  r i n g  would  be  i n c r e a s e d  
due t o  th e  e l e c t r o n  d o n a t i n g  a b i l i t y  o f  th e  ip—h y d r o x y m e t h y l  
g r o u p .  I f  t h e  d i r e c t i n g  I n f l u e n c e  o f  o x y g e n  s t i l l  p r e v a i l s  
in  LXX, t h e n  a m e t a l a t i o n  r e a c t i o n  o f  t h i s  c a r b i n o l  (LXX)
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would be exp ec ted  t o  y i e l d  k—hydroxym ethy l—6—p h e n o x a t h i i n — 
c a r b o x y l i c  ac id (L X X I) .  LXXI cou ld  t h e n  be o x i d i z e d  by 
s t a n d a r d  p r o c e d u r e s  t o  l4.>6“ P k a n o x a t h i i n d i c a r b o x y l i c  a o id  
(LXVIIa).
Once t h i s  h e t e r o a r o y l  a n a lo g  o f  ac t inomyc i n  (LXVIIa ) 
wa3 p r e p a r e d ,  t h e  s y n t h e s i s  of  i t s  amide d e r i v a t i v e s  would 
be a t t e m p te d  in o r d e r  t o  p r e p a r e  a n a lo g s  more c l o s e l y  
r e l a t e d  i n  s t r u c t u r e  t o  a c t i n o m y c in .  I t  was e x p e c te d  t h a t  
t h e s e  d e r i v a t i v e s  cou ld  be r e a d i l y  p r e p a r e d  by a S c h o t t e n — 
Baumann p r o c e d u r e .
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FIGURE 1
PROPOSED REACTION SCHEME FOR THE SYNTHESIS 
OF PHENOXATH UN (L ) ANALOGS 
OF ACTINOMYCIN
1) S y n t h e s i s  of  6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa ) .
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2 )  C 0 2
3 ) h3 o® L I I











2) S y n t h e s i s  o f  p e p t i d e  d e r i v a t i v e s  o f  J+,6—p h e n o x a t h i i n d i -  
c a r b o x y l i c  a c i d  (LXVIIa) .
R 1—C—R" R"—C—R 1
I I











1 )  S 0 C 1 2
2 )  HNR—C ( R » , R " )* ut
c o 2 r
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DISCUSSION
Analogs o f  a c t in o m y o in  h a v in g  a p h e n o x a t h i i n  r i n g  
were d e s i r e d .  As d e s c r i b e d  i n  th e  I n t r o d u c t i o n ,  th e  syn­
t h e s i s  o f  such  a n a l o g s  r e q u i r e d  a method o f  p r e p a r a t i o n  o f  
phenoxathiin-Aj . , 6 1 , 9 - d i c a r b o x y l i c  a c i d .  The p r e p a r a t i o n  
o f  t h e  lj.,6—p h e n o x a t h i i n d i c a r b o x y l l o  a c i d  (LXVIIa) by m e t a l a — 
t l o n  seemed most  p r o m is in g  and t h u s  i t s  s y n t h e s i s  v i a  t h i s  
r o u t e  was i n v e s t i g a t e d .
Oilman {21+) 3howed t h a t  w i t h  th e  a l k y l l i t h i u m s  th e  
e n t e r i n g  m e ta l  shows a s t r o n g  t e n d e n cy  t o  r e p l a c e  a n u c l e a r  
h yd rog en  atom a lp h a  t o  a h e t e r o a t o m .  Thus, n - b u t y l l i t h i u m  
(XLI) m e ta l a t e d  t h io p h e n e  In  t h e  2—p o s i t i o n  (2 5 ) ,  and d i — 
b e n z o th io p h e n e  (XLlx) in  th e  ij.—p o s i t i o n  t o  g iv e  th e  organo— 
m e t a l l l c s  x j l j I I  and X i i l i i .
'L i
XLIJC X L II I  L i
A s i m p l i f i e d  mechanism t o  r a t i o n a l i z e  t h e  o b se rved  
o r i e n t a t i o n  was r e p o r t e d  by Oilman {'dl+). The o r g a n o m e t a l l l c  
io n r -p a i r  (XliV) was p i c t u r e d  a s  fo rm in g  a c o o r d i n a t e  bond 
be tween  th e  m e ta l  c a t i o n  and a p a i r  of  e l e c t r o n s  b e lo n g in g  
t o  a h e te r o a to m  o f  th e  oompound u n d e rg o in g  m e t a l a t i o n .  Sub­
s e q u e n t l y  o r  s i m u l t a n e o u s l y ,  t h e  c a r b a n i o n  p o r t i o n  o f  th e  
o r g a n o m e ta l l i o  Ion—p a i r  a t t a c k e d  an  a d j a c e n t  h yd ro g en  atom, 
removing i t  as  a p r o t o n .  The c o o r d i n a t i o n  o f  th e  m e ta l
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c a t i o n  w i t h  th e  h e t e r o  atom weakened t h e  i o n i c  bond be tw een  
th e  m e t a l  and th e  c a r b a n i o n  and a t  th e  same t im e  p o l a r i z e d  
th e  a d j a c e n t  ca rb o n—hy drogen  bond f a c i l i t a t i n g  t h e  p r o t o n  
rem ov a l .  The sequence  i s  i l l u s t r a t e d  below by s t r u c t u r e s  
XliIV th r o u g h  XLVl.
Y :L i  :C, Hn—n





+n—Ci.HU"io > L i
XLV I
Oilman (36) showed t h a t  an e t h e r  l i n k a g e  had a 
g r e a t e r  a c t i v a t i n g  e f f e c t  on t h e  d i r e c t i o n  o f  m e t a l a t i o n  
t h a n  d id  a s u l f i d e  l i n k a g e .  Thus, when a m ix t u r e  o f  d i — 
b e n z o f u r a n  (XlV I H )  and d ib e n z o th io p h e n e  (XIiI a ) were  t r e a t e d  
w i t h  an  i n s u f f i c i e n t  q u a n t i t y  o f  n—b u t y l l i t h i u m  (XLl) on ly  
th e  d i b e n z o f u r a n  (XjuVlli) underwent  m e t a l a t i o n .  Moreover,
2+—d i b e n z o t h i e n y l l i t h i u m  (XnVii)  caused  t h e  m e t a l a t i o n  o f  
d ib e n z o f u r a n  (XLVil l)  In  t h e  If—p o s i t i o n  t o  g iv e  d i b e n z o t h i o — 
phene (Xiiix) and if.—d i b e n z o f u r y l l i t h i u m  ( n V l l ) .
XLV 11 XLVIII
XL IX LVII
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This  g r e a t e r  d i r e c t i n g  power of  oxygen as  compared
w i t h  s u l f u r  i n  o r g a n o l i t h i u m  m e t a l a t i o n  r e a c t i o n s  was 
f u r t h e r  con f i rm ed  by Gilman ( 3 6 ) by a s tu d y  o f  t h e  r e a c t i o n  
o f  n—b u t y l l i t h i u m  (XLI) and p h e n o x a t h i i n  (L) whioh gave a 
53$ y i e l d  of  th e  U—s u b s t i t u t e d  p r o d u c t ,  L I I .  Gilman (3 6 ) 
p o i n t e d  o u t  t h a t  t h i s  p ro v id e d  t h e  on ly  c o n v e n i e n t  method 
o f  p r e p a r a t i o n  o f  t h e  If—s u b s t i t u t e d  p h e n o x a t h i i n s  s t a r t i n g  
w i t h  th e  p a r e n t  p h e n o x a t h i i n  (L ) .  A t tem p ts  t o  p r e p a r e  I4.— 
p h e n o x a t h i i n c a r b o x y l i c  a c i d  ( L I I )  by r i n g  c l o s u r e  e x p e r i ­
ments  f a i l e d  ( 3 6 ) .  F o r  example , 2 - c a r b o x y d i p h e n y l  e t h e r  
(LIX),  p r e p a r e d  by th e  m e t a l a t i o n  o f  d ip h e n y l  e t h e r  (LVIII)  
w i t h  n—b u t y l l i t h i u m  (XLI), f a i l e d  t o  g iv e  1+—p h e n o x a t h i i n — 
c a r b o x y l i c  a c i d  ( L I I )  on t r e a t m e n t  w i t h  s u l f u r  and aluminum 





LVIII 3) H^ O® LIX
L I I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
R e p e t i t i o n  o f  G i lm a n ' s  p ro c e d u re  (36) f o r  th e  mono- 
m e t a l a t i o n  of p h e n o x a t h i i n  (L) u s in g  an e t h e r e a l  s o l u t i o n  of 
n—b u t y l l I t h i u m  (XLI), p r e p a r e d  from n - b u t y lb r o m i d e  (XL) and 
l i t h i u m ,  gave a 2 0 . 1]$ y i e l d  of  pu re  l ^ - p h e n o x a t h i in c a r b o x y l i c  
a c i d  ( L I I ) .  That th e  y i e l d  was i n f e r i o r  t o  t h a t  r e p o r t e d  
may have r e s u l t e d  from th e  d i f f i c u l t y  i n  a c h i e v i n g  th e  p r o p e r  
s t o i c h i o m e t r y  f o r  th e  m o n o m e ta la t io n  r e a c t i o n .  The use o f  a 
comm erc ia l  n—b u t y l l i t h i u m  (XLI) s o l u t i o n  i n  h ex an e*  was more 
s u c c e s s f u l .  The use  o f  t h i s  n—b u t y l l i t h i u m  (XLI) l e d  t o  th e  
f o r m a t i o n  of  1|—p h e n o x a t h i i n c a r b o x y l i c  a c i d  ( L I I )  i n  a v e ra g e  
y i e l d s  of  60$ s e v e r a l  t i m e s ,  and i n  one r e a c t i o n  th e  y i e l d  
was 90$.  The p o s i t i o n  of  m e t a l a t i o n  was assumed from th e  
i d e n t i f i c a t i o n  o f  th e  c a r b o x y l a t i o n  p r o d u c t  a s  i|—p h e n o x a t h i i n — 
c a r b o x y l i c  a c i d  ( L I I )  by a com p ar ison  o f  p h y s i c a l  c o n s t a n t s  
o f  th e  a c i d  and i t s  m e th y l  e s t e r  (L II I )  w i th  t h e  l i t e r a t u r e  
v a l u e s  (3 6 , 3 8 ) ,  and by th e  a b s o r p t i o n  s p e c t r a  of  L I I  and L I I I .
n-BuBr + 
XL
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Ihe a u t h o r  w i s h e s  t o  e x p r e s s  a p p r e c i a t i o n  t o  Dr.  0. P .  
Beumel o f  th e  Poo te  M in e ra l  Company f o r  g e n e ro u s  s u p p l i e s  
of n—b u t y l l i t h i u m .
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Having found  a s a t i s f a c t o r y  method o f  s y n t h e s i s  of  
ij.—p h e n o x a t h l i n c a r b o x y l i c  a c i d  ( L I I ) ,  a r o u t e  t o  t h e  Ij.,6— 
p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa) was s o u g h t .  The f o r ­
m a t io n  of 2>k% of  t h e  I f ,6—p h e n o x a t h i i n d i c a r b o x y l i c  a c id  
(LXVIIa) was r e p o r t e d  t o  o c c u r  from th e  r e a c t i o n  o f  phenox— 
a t h i i n  (L) w i t h  2 e q u i v a l e n t s  o f  n—b u t y l l i t h i u m  (XLI) (Ij.1). 
The d i a c i d  was s e p a r a t e d  from 17.1|$ o f  I4.—p h e n o x a t h i i n c a r ­
b o x y l i c  a c i d  ( L I I )  by e x t r a c t i o n  o f  th e  l a t t e r  i n t o  benzene 
and from 8 . 9$ o f  t h e  1 , 6- p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  
(LXVIIIa)  by f r a c t i o n a l  p r e c i p i t a t i o n  o f  th e  d i a c i d s  from 
aqueous b a s e .  Ihe impure I f ,6—p h e n o x a t h i i n d i c a r b o x y l i c  a c id  
(LXVIIa),  m .p .  256-266 , was p r e c i p i t a t e d  by th e  w eaker  a c i d ,  
a c e t i c  a c i d ;  w h i l e  t h e  impure 1 , 6—p h e n o x a t h i i n d i c a r b o x y l i c  
a c i d  (L XVIIIa) ,  m .p .  295—316° ,  r e q u i r e d  d i l u t e  h y d r o c h l o r i c  
a c i d .  R e p e t i t i o n  o f  Gilman*s p r o c e d u r e  (I4. I ) f o r  t h e  d im et— 
a l a t l o n  o f  p h e n o x a t h i i n  (L) gave impure LXVIIa, m .p .  290— 
3^0° ,  from a c e t i c  a c i d ,  and impure LXVIIa, m .p .  225—214-0° ,  
from d i l u t e  h y d r o c h l o r i c  a c i d .  F o l lo w in g  r e c r y s t a l l i z a t i o n ,  
LXVIIa, m .p .  270—273° ,  was o b t a i n e d  I n  3>,klf° y i e l d ;  w h i l e  
LXVIIIa was o b t a i n e d  in  3»51|$ y i e l d .  The complex s e p a r a t i o n  
p ro c e d u re  may have l e d  t o  c o n s i d e r a b l e  l o s s e s  of  th e  d i c a r — 
b o x y l i c  a c i d s .  A d i f f e r e n t  method of  s e p a r a t i o n  would be 
r e q u i r e d ,  so n e r p r o c e d u r e s  f o r  t h e  s e p a r a t i o n  o f  LXVIIa and
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LXVIIIa In  l a r g e  q u a n t i t i e s  were i n v e s t i g a t e d .
The g r e a t e r  r e a c t i v i t y  of  [}., 6—phenoxa t h i i n d i c a r b o x y l i c  
a o id  (LXVIIa) a s  compared w i t h  1 ,6 —p h e n o x a t h i i n d i c a r b o x y l i c  
a c i d  (LXVIIIa)  w i t h  t h i o n y l  c h l o r i d e  su g g e s t e d  a s e p a r a t i o n  
b a se d  on t h e  k i n e t i c s  o f  a c i d  c h l o r i d e  f o r m a t i o n .  The r e a c ­
t i o n  of  th e  d i c a r b o x y l i c  a c i d  m ix tu r e  w i t h  t h i o n y l  c h l o r i d e  
was a l low ed  t o  s t a n d  f o r  15 min .  A f t e r  f i l t r a t i o n ,  th e  in ­
s o l u b l e  r e s i d u e  c o r r e sp o n d e d  t o  LXVIIIa .  S a p o n i f i c a t i o n  of 
t h e  a o id  c h l o r i d e  r e m a in in g  a f t e r  e v a p o r a t i o n  o f  th e  t h i o n y l  
c h l o r i d e  gave 1 . 9 $  o f  LXVIIa, m .p .  270-273°, upon a c i d i f i c a t i o n .
The l | ,o —p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa) was 
found t o  be more s o l u b l e  I n  d i e t h y l  a n i l i n e  t h a n  th e  1 ,6 — 
d i c a r b o x y l i c  a c id  i so m e r .  The a t t e m p t s  t o  use  t h i s  d i f f e r ­
ence f o r  a s e p a r a t i o n  gave 4 . 0 $  o f  LXVIia,  m .p .  250-269° and 
9 . 0 $  o f  LXVIIIa ,  m .p .  345-350° ( d e c . ) .
O the r  p r o c e d u r e s  were I n v e s t i g a t e d  In  an  a t t e m p t  to  
i n c r e a s e  th e  amount o f  d i m e t a l a t i o n .  Hie h i g h e r  t e m p e r a tu r e  
o b t a i n e d  by ch an g in g  t h e  s o l v e n t  from b o i l i n g  e t h e r  t o  b o i l i n g  
hexane  showed no change i n  p r o d u c t  r a t i o .  The use o f  3 
e q u i v a l e n t s  of  n—b u t y l l i t h i u m  (XLI) p e r  e q u i v a l e n t  of  
p h e n o x a t h i i n  (L) gave y i e l d s  of LXVIIc and LXVIIIc ,  i s o l a t e d  
a s  th e  e t h y l  e s t e r s ,  o f  l e s s  t h a n  1$ .
The d i c a r b o x y l i c  a c i d s ,  LXVIia and LXVIIIa ,  o b t a i n e d  
from t h e s e  m e t a l a t i o n  r e a c t i o n s  were i d e n t i f i e d  a s  b e in g  th e  
same a s  t h o s e  o b t a i n e d  by Gilman (41) by t h e  m e l t i n g  p o i n t s  
o f  th e  a c i d s  and c o r r e s p o n d i n g  m ethy l  e s t e r s ,  LXVIIb and 
LXVIIIb .  The d i f f e r e n c e  i n  t h e  u l t r a v i o l e t  a b s o r p t i o n  
s p e c t r a  o f  d im e th y l  4*6—p h e n o x a t h i i n d i c a r b o x y l a t e  (LXVIIb)
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a l s o  p ro v id e d  a method o f  d i s t i n g u i s h i n g  be tw een  th e s e  
i s o m e r ic  d e r i v a t i v e s .  The o r b i t a l s  o f  t h e  non—bonded e l e c ­
t r o n s  o f  oxygen and s u l f u r  a r e  presumed t o  o v e r l a p  w i t h  th e  
JT —system of  th e  a ro m a t i c  r i n g s ,  t h e r e b y  i n c r e a s i n g  th e  
e l e o t r o n  d e n s i t y  o f  th e  a ro m a t i c  r i n g s  ( 2 8 ) .  In b o th  
e s t e r s ,  LXVIIb and LXVIIIb , th e  oxygen can  e x e r t  an e l e c ­
t r o n  r e l e a s i n g  e f f e c t  by r e s o n a n c e  w i t h  th e  c a r b o n y l  g r o u p s ;  
b u t  th e  s u l f u r  can be i n  c o n j u g a t i o n  w i t h  t h e  c a r b o n y l  g roup  
o n ly  i n  th e  1 ,6 —isom er  (LXVIIIb) .  S u l f u r  i s  c o n s i d e r a b l y  
l e s s  e l e c t r o n e g a t i v e  t h a n  oxygen, and t h u s  g r e a t e r  o v e r l a p  
o f  i t s  o r b i t a l s  w i t h  th e  7T —system of  th e  a ro m a t i c  r i n g s  
I s  e x p e c t e d .  A c c o r d in g ly ,  i f  t h e  e x c i t e d  s t a t e  of  LXVIIIb 
was s t a b i l i z e d  by e l e c t r o n  r e l e a s e  f rom th e  s u l f u r  atom, 
such  as  shown by s t r u c t u r e  LXIX, t h e n  a b a th o ch rom ic  and 
hyperch ro m ic  s h i f t  of  t h e  maximum a b s o r p t i o n  sho u ld  be ob­
se rv e d  when the  u l t r a v i o l e t  a b s o r p t i o n  spectrun  o f  LXVIIIb 
was compared w i t h  t h a t  of  LXVIIb. This  h y p o t h e s i s  was con­
f i rm e d  by an observed  I4. mp ba th och rom ic  s h i f t  i n  th e  p o s i t i o n  
o f  maximum a b s o r p t i o n  and a 1900 hyperchrom ic  s h i f t  I n  i t s  
m o l e c u l a r  e x t i n c t i o n  when th e  maximum a b s o r p t i o n  o f  LXVIIIb 
was compared t o  t h a t  o f  LXVIIb.
0°
LXIX
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LXVIIIa ,  R=H
b ,  R=CH3
c ,  r = c h 2 ch3
The f a i l u r e  o f  th e  d i r e c t  m e t a l a t i o n  o f  phenoxa— 
t h i i n  (L) t o  p ro v id e  a s a t i s f a c t o r y  method o f  s y n t h e s i s  f o r  
1|., 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIia) r e q u i r e d  th e  
c o n s i d e r a t i o n  o f  a n o t h e r  method o f  s y n t h e s i s  o f  LXVIia. The 
r e a c t i o n  o f  p h e n o x a t h i i n c a r b o x y l i c  a c i d  ( L I I )  w i t h  n -  
b u t y l l i t h i u m  (XLI) would p r o b a b ly  in v o lv e  r e a o t i o n  of  th e  
o r g a n o m e ta l l i o  w i t h  t h e  o a r b o x y l i c  a c i d  f u n c t i o n  r a t h e r  th a n  
m e t a l a t i o n  o f  th e  r i n g .  C o n v e rs io n  o f  th e  c a r b o x y l i o  a c i d
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group  o f  1|—p h e n o x a t h i i n c a r b o x y l i c  a c i d  ( L I I )  t o  an e l e c t r o n  
d o n a t i n g  group  such  a s  a c a r b i n o l  would be e x p e c te d  t o  in ­
c r e a s e  th e  s u s c e p t i b i l i t y  o f  th e  a ro m a t i c  r i n g  t o  m e t a l a t i o n .  
W hether  th e  e l e c t r o n  r e l e a s i n g  e f f e c t  o f  th e  c a r b i n o l  g roup  
would overcome t h e  d i r e c t i n g  i n f l u e n c e  o f  t h e  h e t e r o c y c l i c  
oxygen and l e a d  t o  m e t a l a t i o n  i n  th e  1—p o s i t i o n  c o u ld  on ly  
be e s t a b l i s h e d  by e x p e r i m e n t a t i o n .  I f ,  however ,  t h e  a t t a o k  
o f  n—b u t y l l i t h i u m  (XLI) was c o n t r o l l e d  by t h e  h e t e r o c y c l i c  
oxygen atom, th e  r e s u l t i n g  1+—hydroxym ethy l—6- p h e n o x a t h i i n r -  
c a r b o x y l i c  a c i d  (LXXI) c o u ld  be c o n v e r t e d  t o  t h e  d e s i r e d  lj.,6— 
p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIia) by o x i d a t i o n .
To i n v e s t i g a t e  t h i s  r o u t e  t o  LXVIia,  s e v e r a l  methods 
o f  c o n v e r s i o n  of  I).—p h e n o x a t h i i n o a r b o x y l i c  a c i d  ( L I I )  t o  th e  
c a r b i n o l ,  l\.—h y d r o x y m e th y lp h e n o x a th l in  (LXX), which  was a l s o  
t o  be used a s  a model compound f o r  o x i d a t i o n ,  were  c o n s i d e r e d .  
Three g e n e r a l  methods a r e  a v a i l a b l e  f o r  th e  c o n v e r s i o n  o f  a 
c a r b o x y l i c  a c i d  t o  an a l c o h o l  ( 3 0 ) .  The f i r s t  g e n e r a l  method 
i s  t h e  r e d u c t i o n  o f  th e  e s t e r  by sodium and a l c o h o l  (3 2 ) .
The method i s  u n s a t i s f a c t o r y  w i t h  a r o m a t i c  e s t e r s  s in o e  
oom ple te  r e d u c t i o n  t o  Ar-CH^ o f t e n  o c c u r s . ” The second 
g e n e r a l  method i s  th e  o a t a l y t i c  h y d r o g e n o l y s l s  o f  t h e  e s t e r  
o v e r  a c o p p e r  c h ro m i te  c a t a l y s t .  However, t h i s  method i s  
a l s o  c o m p l i c a te d  by p a r t i a l  r e d u c t i o n  t o  Ar-CH^. The t h i r d  
g e n e r a l  method u se s  l i t h i u m  aluminum h y d r i d e  t o  e f f e c t  r e ­
d u c t i o n  (39) o f  e i t h e r  t h e  c a r b o x y l i c  a c i d  o r  e s t e r .  This  
method a p p ea re d  t o  be t h e  m ost  s a t i s f a c t o r y  s i n c e  h i g h  
y i e l d s  o f  a l o o h o l s  have b e e n  r e p o r t e d  t o  r e s u l t  from th e
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r e d u c t i o n  o f  e i t h e r  e s t e r  o r  a c i d  w h e th e r  t h e y  a r e  a l i p h a t i c  
o r  a r o m a t i o .
The c o n v e r s i o n  o f  I}.—p h e n o x a t h i i n c a r b o x y l i c  a c i d  (L I I )  
t o  1|—h y d ro x y m e th y lp h e n o x a th i in  (LXX) was acco m p l ished  w i t h  
l i t h i u m  aluminum h y d r i d e  by h e a t i n g  a t e t r a h y d r o f u r a n  s o l u ­
t i o n  o f  L I I  u n d e r  r e f l u x .  This  r e a c t i o n  gave LXX in  y i e l d s  
a v e r a g i n g  7%%. These y i e l d s  were c o n s i d e r a b l y  h i g h e r  th a n  
th e  6 . 6$ y i e l d  o f  LXX o b t a i n e d  by th e  l i t h i u m  aluminum
h y d r i d e  r e d u c t i o n  o f  t h e  m e thy l  e s t e r  ( L I I I ) .
9
C-OH
n.  A .  ,0
L I I I
0CH-
" \L i41H ^
ch2 oh
L1A1Hk
With t h i s  s a t i s f a c t o r y  method o f  s y n t h e s i s  o f  Ij.— 
h y d r o x y m e th y lp h e n o x a th i in  (LXX) a v a i l a b l e ,  th e  m e t a l a t i o n  
r e a c t i o n  was i n v e s t i g a t e d .  The m e t a l a t i o n  o f  hydroxym ethy l— 
p h e n o x a t h i i n  (LXX) w i t h  2 e q u i v a l e n t s  o f  n—b u t y l l i t h i u m  (XLI), 
fo l lo w e d  by c a r b o x y l a t i o n ,  l e d  t o  th e  I s o l a t i o n  o f  J4.— 
h y d r o x y m e th y l -6- p h e n o x a t h i i n o a r b o x y l i c  a c i d  (LXX) in  y i e l d s  
of  a p p r o x i m a t e ly  55$ .  The s t r u c t u r a l  a s s ig n m e n t  of  t h e  a c i d  
LXXI was e s t a b l i s h e d  by r e d u c t i o n  w i t h  l i t h i u m  aluminum 
h y d r id e  t o  g iv e  t h e  same d i h y d r o x y m e th y l p h e n o x a t h l in  o b t a i n e d  
by th e  l i t h i u m  aluminum h y d r i d e  r e d u c t i o n  o f  I}.,6—p h e n o x a t h i i n —
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d i c a r b o x y l i c  a c i d  (LXVIia) . Kie f a c t  t h a t  m e t a l a t i o n  to o k  
p l a c e  on th e  6—p o s i t i o n  and n o t  on th e  1—p o s i t i o n  was f u r t h e r  
s u b s t a n t i a t e d  by th e  f a c t  t h a t  th e  r e d u c t i o n  p r o d u c t  LXXI 
was d i f f e r e n t  from th e  r e d u c t i o n  p r o d u c t ,  L X II I ,  o f  1 , 6 — 
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The n u c l e a r  m ag n e t ic  reacmance s p e c t r a  o f  LXII  and 
LXXIII can be r a t i o n a l i z e d  i f  the  s t r u c t u r e  LXXI i s  p r e ­
sumed f o r  th e  m e t a l a t i o n  p r o d u c t  o f  I4.—hydroxym ethy lphenoxa— 
t h i i n  (LXX). In  g e n e r a l  t e r m s ,  th e  f a i l u r e  o f  a h y d ro x y l  
r e so n an o e  t o  show c o u p l i n g  i n  n u c l e a r  m agne t io  r e s o n a n c e  
s p e c t r a  d e te rm in e d  i n  c h lo r o f o r m  o r  c a rb o n  t e t r a c h l o r i d e  
r e g a r d l e s s  o f  t h e  p r e s e n c e  of p r o t o n  on an  a d j a c e n t  atom 
h a s  been  a t t r i b u t e d  t o  a r a p i d  exchange o f  th e  p r o t o n  from 
one h y d r o x y l  t o  a n o t h e r .  The exchange i s  s u f f i c i e n t l y  f a s t  
so  t h a t  th e  l i f e t i m e  o f  a p r o t o n  a t t a c h e d  t o  a s p e c i f i c  
oxygen i s  much l e s s  t h a n  th e  l i f e t i m e  o f  10*"^ — 10“ ^ s e c .  
r e q u i r e d  f o r  n u c l e a r  m agn e t ic  r e s o n a n c e  t o  o b se rv e  a s i n g l e  
s t a t e  (i|4 ) • Th0 r e s u l t  i s  t h a t  t h e  p r o t o n  o f  th e  h y d ro x y l  
g ro up  s e e s  a number o f  e n v i ro n m e n ts  which  a r e  a v e rag e d  i n  
t h e  measurement  t o  g iv e  a s i n g l e  peak  r a t h e r  t h a n  a s p l i t  
p e a k .  In  d im e th y l  s u l f o x i d e ,  i t  h a s  b een  p roposed  t h a t  
hyd rogen  bond ing  o f  th e  a l c o h o l  t o  t h e  s o l v e n t  s lows th e  
r a t e  o f  p r o t o n  exchange s u f f i c i e n t l y  t o  p e r m i t  d e t e c t i o n  o f  
c o u p l i n g  (1*5 , !|6 ) .
A c o m par iso n  o f  t h e  n u c l e a r  m ag n e t ic  r e s o n a n c e  
s p e c t r a  of  Ij.,6- d i h y d r o x y m e th y l p h e n o x a t h I in  (LXXII) and 1 , 6 -  
d ih y d r o x y m e th y I p h e n o x a th i in  (LXXIII) ,  d e te rm in e d  i n  d i m e t h y l -  
s u l f o x i d e ,  i n d i c a t e d  t h a t  th e  d i s c u s s i o n  above was c o n s i s t e n t  
w i t h  th e  o b se rved  s p l i t t i n g  i n  th e  l a t t e r  c a s e ,  b u t  d id  n o t  
e x p l a i n  th e  ab sence  o f  s p l i t t i n g  i n  th e  f o r m e r  c a s e .  A 
p o s s i b l e  e x p l a n a t i o n  t o  a c c o u n t  f o r  t h e s e  obse rved  f a c t s  
a p p ea re d  t o  be i n  te rm s  o f  h yd ro g en  b o n d in g .  The i n f r a r e d
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spec t rum  of  LXXII was d e te rm in e d  a s  a s o l i d  m u l l  r a t h e r  th a n  
as  a d i l u t e  s o l u t i o n ;  however ,  t h e  a b s o r p t i o n  bands  a t  3I4.60 
cm.—I  and 3375 cra."*^ may i n d i c a t e  b o t h  I n t r a m o l e c u l a r  and 
i n t e r m o l e c u l a r  h ydrogen  b o n d in g ,  r e s p e c t i v e l y .  The d im e th y l  
s u l f o x i d e  would d i s p l a c e  th e  i n t e r m o l e c u l a r  h yd rog en  b o n d in g ,  
b u t  m igh t  n o t  a p p r e c i a b l y  a f f e c t  th e  i n t r a m o l e c u l a r  h y d ro g en  
b o n d in g ,  i f  i t  were  h i g h l y  f a v o r e d .  I f  t h e s e  c o n d i t i o n s  
e x i s t e d  t h e n  t h i s  cou ld  a o c o u n t  f o r  the  p e r s i s t e n c e  o f  r a p i d  
h y d r o x y l  p r o t o n  exchange and t h e  l a c k  o f  s p l i t t i n g  f o r  t h e  
m e thy len e  and h y d ro x y l  p r o t o n s  I n  LXXII. The 1 ,6 —d ih y d ro x y — 
m e t h y l p h e n o x a th i i n  (LXXIII) ,  on t h e  o t h e r  hand ,  c o u ld  n o t  
have any i n t r a m o l e c u l a r  h yd ro g en  bo nd ing  be tw een  th e  
h y d ro x y l  h y d r o g e n s .  The spec t rum  o f  LXXIII a s  a s o l i d  m u l l  
showed a b ro ad  band c e n t e r e d  a t  3250  cm.—l  which  may i n d i c a t e  
on ly  i n t e r m o l e c u l a r  hy drogen  b o n d in g .  P re sum ab ly ,  th e  
d im e th y l  s u l f o x i d e  slowed down t h e  h y d ro x y l  p r o t o n  exohange 
s u f f i c i e n t l y  so t h a t  s p l i t t i n g  was obse rved  as  e x p e c t e d .
The b ro ad  h y d ro x y l  peak  showing f i n e  s p l i t t i n g  f o r  1 , 6 — 
d lh y d r o x y m e th y lp h e n o x a th i in  (LXXIII) may w e l l  be due t o  
o v e r l a p p i n g  o f  t h e  two e x p e c te d  t r i p l e t s .  This  i n t e r p r e ­
t a t i o n  may n o t  be th e  on ly  one t o  e x p l a i n  t h e  o bse rved  
s p e c t r a ;  however ,  i t  i s  c o n s i s t e n t  w i t h  th e  a s s i g n e d  
s t r u c t u r e ,  LXXI, o f  th e  m e t a l a t i o n  p r o d u c t  o f  lj—hydroxy— 
m e t h y l p h e n o x a th i i n  (LXX).
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FIGURE I I
N u c le a r  Magnetic  Resonance S p e c t r a  o f  LXXII and LXXIII
Compound LXXII 
S o l v e n t  DMSO 
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R .F .  F i e l d  0 .6  mG 
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R.F . F i e l d  0 . 6  mG 
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The use o f  !(.—h ydroxym ethy l—6—p h e n o x a t h i i n c a r b o x y l i c  
a c i d  (LXXI) as  an i n t e r m e d i a t e  i n  th e  s y n t h e s i s  o f  lj.,6— 
p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIia) r e q u i r e d  t h e  d e v e lo p ­
ment o f  a method o f  o x i d a t i o n  o f  th e  o a r b i n o l  g roup  t o  a 
c a r b o x y l  f u n c t i o n .  S in c e  ij.—h y d r o x y m e th y lp h e n o x a th i in  (LXX) 
was more r e a d i l y  a v a i l a b l e ,  model e x p e r im e n t s  were pe r fo rm ed  
on i t  t o  d e te rm in e  t h e  e f f e c t i v e  methods o f  fo rm in g  Ij.— 
p h e n o x a t h i i n c a r b o x y l i e  a c i d  ( L I I ) .  These methods c o u ld  t h e n  
be a p p l i e d  t o  th e  o x i d a t i o n  of Ij.—hydroxym ethy l—6-p h en o x a — 
t h i i n c a r b o x y l i c  a c i d  (LXXI) t o  g e t  Ij., 6—phenoxa t h i  i n d i e  a r — 
b o x y l i c  a c i d  (LXVIia) .
Methods a n a lo g o u s  t o  th e  o x i d a t i o n s  o f  b e n z y l  
a l c o h o l  and b e n za ld e h y d e  t o  b e n z o ic  a c i d  were i n v e s t i g a t e d  
f o r  t h e  o x i d a t i o n  o f  t h e  a ro m a t i c  c a r b i n o l  f u n c t i o n  I n  LXX 
and LXXI t o  an a r o m a t i c  c a r b o x y l i c  a o i d .  The methods 
a v a i l a b l e  a r e  numerous ( f o r  l e a d i n g  r e f e r e n c e s  see  r e f e r ­
e n c e s  63  and 6I4. ) .  Hie use  o f  a number of t h e s e  o x i d a t i v e  
p r o c e d u r e s  i s  d i s c u s s e d  be lo w .
Manganese d i o x i d e ,  p r e p a r e d  by th e  p r o c e d u r e  of 
S t o r k  (lj.7), cau sed  t h e  o x i d a t i o n  o f  i^-hydroxymethylphenox— 
a t h i i n  (LXX) t o  I4.—f o r m y l p h e n o x a t h i i n  (LXXXII) i n  good y i e l d s .  
LXXXII on r e a c t i o n  w i t h  brom ine  gave t h e  a c i d  bromide  
LXXXIII. This  was h y d r o l y z e d  i n  f a i r  y i e l d s  t o  1^.—phenoxa— 
t h i i n c a r b o x y l i o  a c i d  ( L I I ) .
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An a t t e m p t  t o  use h y p o c h l o r i t e  f o r  th e  o x i d a t i o n  o f  
1|.—h y d r o x y m e th y lp h e n o x a th i in  (LXX) and th e  r e a c t i o n s  of  s i l v e r  
ox ide  o r  oxygen f o r  the  o x i d a t i o n s  of l j . - fo rm y lp h e n o x a th i in  
(LXXXII) t o  ii—phenoxa t h i  i n c a r b o x y l  ic  a c id  ( L I I )  f a i l e d  t o  
g iv e  th e  d e s i r e d  o x i d a t i o n  p r o d u c t s .  These r e a c t i o n s  gave 
o n ly  r e c o v e re d  s t a r t i n g  m a t e r i a l .
As a r e s u l t  of  th e  above o x i d a t i o n  s tu d y  on h~ 
h y d ro x y m e th y lp h e n o x a th i in  (LXX), manganese d i o x id e  o x i d a t i o n  
f o l lo w e d  by bromine o x i d a t i o n  a p pea red  t o  be a l o g i c a l  
sequence  f o r  th e  c o n v e r s i o n  of 1| —hydroxym ethy l—6—phenoxa— 
t h i i n c a r b o x y l i c  a c i d  (LXXI) t o  6- p h e n o x a t h i i n d i c a r b o x y l i c
a c id  (LXVI.Ii) .  U n l ike  If—h y d r o x y m e th y lp h e n o x a th i in  (LXX),
[).—hydroxym ethy l—6- p h e n o x a t h i i n c a r b o x y l i c  a c i d  (LXXI) was n o t  
o x i d iz e d  by manganese d i o x i d e .  The o x i d a t i o n  o f  If—hydroxy— 
m eth y l—6—phenoxa t h  l i n e  a rb  0x77-1 Ic a c i d  (LXXI) was,  t h e r e f o r e ,  
a t t e m p t e d  u s in g  b rom ine ,  chromic a c i d ,  oxygen o r  s i l v e r  
ox ide  o x i d a t i o n s ;  b u t  th e  r e a c t i o n s  e i t h e r  f a i l e d  e n t i r e l y  
o r  gave p o o r  y i e l d s  of  th e  d e s i r e d  o x i d a t i o n  p r o d u c t s .
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In  th e  c a se  of  chromic a c i d  o x i d a t i o n ,  an  i n f r a r e d  spec t rum  
o f  th e  p r o d u c t  m ix tu r e  showed e v id e n c e  o f  o x i d a t i o n  p r o d u c t s  
c o n t a i n i n g  a s u l f o x i d e  l i n k a g e .  Due t o  t h e s e  f a i l u r e s  of  
o x i d a t i o n  o f  LXXI, o t h e r  o x i d a t i v e  p r o c e d u r e s  were i n v e s ­
t i g a t e d  .
R e c e n t ly  T r a y n e l i s  (I4.8 ) o b se rved  t h a t  t h e  r e a c t i o n  
o f  a s o l u t i o n  o f  a b e n z y l  a l c o h o l  and d im e th y l  s u l f o x i d e  
w i t h  a i r  l e d  t o  good y i e l d s  of  t h e  c o r r e s p o n d i n g  a ld e h y d e .  
C o n t r a r y  t o  the  r e s u l t s  o f  S e a r l e s  (I4.9 ) who found  t h a t  
d im e th y l  s u l f o x i d e  o x i d a t i o n  caused  th e  c o n v e r s i o n  of  
a l i p h a t i c  s u l f i d e s  t o  s u l f o x i d e s ,  d im e th y l  s u l f o x i d e  ox id a ­
t i o n  o f  ij.—hydroxym ethyl—6—p h e n o x a t h i i n c a r b o x y l i c  a c i d  
(LXXI) gave good y i e l d s  of  I4.—fo rm y l—6—p h e n o x a t h i i n c a r b o x y l i c  
a c i d  (LXXXIV) w i t h  no t r a c e  o f  s u l f o x i d e  f o r m a t i o n  b e in g  
o b s e r v e d .  This a p p a r e n t  d i s c r e p a n c y  i n  s u l f i d e  o x i d a t i o n ,  
however ,  can  be r e a d i l y  u n d e r s to o d  when one c o n s i d e r s  t h a t  
a ro m a t i c  s u l f i d e s  a r e  l e s s  r e a d i l y  c o n v e r t e d  t o  s u l f o x i d e s  
t h a n  a r e  a l i p h a t i c  s u l f i d e s .  The non-bonded e l e c t r o n s  o f  
th e  s u l f u r  o f  th e  a ro m a t i c  s u l f i d e  a r e  d e l o c a l i z e d  due t o  
r e s o n a n c e .  The a ld e h y d e ,  LXXXIV, on o x i d a t i o n  w i t h  s i l v e r  
oxide  gave I+,6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIia) i n  
good y i e l d s .
The r e a c t i o n  sequenoe f o r  o b t a i n i n g  ij.,6—phenoxa— 
t h i l n d l o a r b o x y l l c  a c i d  (LXVIia) ,  a s  d i s c u s s e d  above ,  was 
o p e r a t i o n a l l y  d i f f i c u l t .  This  was e s p e c i a l l y  t r u e  a t  th e  
d im e th y l  s u l f o x i d e  o x i d a t i o n  s t a g e .  The h a z a rd  o f  f i r e  was 
c o n s t a n t l y  p r e s e n t ,  and t h e  r e a c t i o n  r e q u i r e d  a t t e n t i o n  t o
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c o r r e c t  f o r  e v a p o r a t i o n  and d e c o m p o s i t i o n  o f  th e  d im e th y l  
s u l f o x i d e .  The d e c o m p o s i t io n  p r o d u c t s  of  d im e th y l  s u l f o x i d e ,  
such  as  m e thy l  m e rc a p ta n  and d im e th y l  s u l f i d e ,  on h e a t i n g  
a t  r e f l u x  had u n p l e a s a n t  odors  and w ork ing  w i t h  them was 
q u i t e  n a u s e a t i n g .  Thus, i n s t e a d  of  t r y i n g  t o  av o id  o x ida ­
t i o n  o f  th e  s u l f i d e  l i n k a g e  t o  s u l f o x i d e  a n d / o r  s u l f o n e  
d u r i n g  th e  o x i d a t i o n  o f  th e  c a r b i n o l ,  a p ro c e d u re  which 
would c o n v e r t  th e  c a r b i n o l  and s u l f i d e  l i n k a g e  t o  c a r b o x y l i c  
a c i d  and s u l f o x i d e ,  r e s p e c t i v e l y ,  was s o u g h t .  The re d u c ­
t i o n  o f  t h e  s u l f o x i d e  c o u ld  t h e n  be a c h i e v e d  by s t a n d a r d  
p r o c e d u r e s  t o  g iv e  LXVIia.
C o n c e n t r a t e d  n i t r i c  a c i d  has  b een  used t o  o x i d i z e  
c a r b l n o l s  t o  c a r b o x y l i c  a c i d s  and t o  o x i d i z e  s u l f i d e s  t o  
s u l f o x i d e s .  As e x p e c te d  from th e  above combined s t u d i e s ,  
when 1+—hy d r  oxyme th y  1 -6—phenoxa t h i  i n c a r b o x y l  i c  a c i d  (LXXI) 
was o x i d i z e d  th r o u g h  th e  I n t e r m e d i a t e ,  LXXX, w i t h  concen­
t r a t e d  n i t r i o  a c i d ,  e x c e l l e n t  y i e l d s  o f  ij., 6—phenoxa t h i  inr- 
d l c a r b o x y l i c  a c i d —10—o x id e  (LXXXV) were o b t a i n e d .  The 
r e d u c t i o n  o f  th e  s u l f o x i d e  l i n k a g e  o f  LXXXV w i t h  h y d r i o d l c  
a c i d  r e a d i l y  gave th e  d e s i r e d  ij.,6—p h e n o x a t h i i n d i c a r b o x y l i c  
a c i d  (LXVIia) i n  a lm o s t  q u a n t i t a t i v e  y i e l d s .






























Having d e v e lo p ed  a s a t i s f a c t o r y  s y n t h e t i o  r o u t e  t o  
1|, 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIia) ,  t h e  m a jo r  g o a l  
o f  th e  s y n t h e s i s  o f  a p h e n o x a t h i i n  a n a l o g  o f  a o t in o m y c in  was 
r e a c h e d ,  f o r  LXVIia was a t r i c y c l i c ,  h e t e r o c y c l i c  compound 
p o s s e s s i n g  c a r b o x y l i c  a c i d  g rou p s  i n  t h e  two p e r i —p o s i t i o n s  
o r t h o  t o  a h e t e r o  a tom . However, t h e  p r e p a r a t i o n  o f  amide 
d e r i v a t i v e s  o f  LXVIia was d e s i r e d  i n  o r d e r  t o  o b t a i n  com­
pounds even  more c l o s e l y  a n a lo g o u s  t o  a c t i n o m y c l n .
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To i n v e s t i g a t e  a r o u t e  t o  t h e s e  d e r i v a t i v e s  and t o
p r o v id e  compounds f o r  a co m p a r iso n  o f  any a c t i v i t y  r e s u l t i n g
from mono v s .  d i s u b s t i t u t i o n ,  S c h o t t e n —Baumann r e a c t i o n s
were  pe rfo rm ed  on th e  model  compound, Ij.—phenoxa t h i  i n c a r —
b o x y l i c  a c i d  c h l o r i d e  (L X I I ) .  The r e a c t i o n  o f  LXII w i t h  a
number o f  amino a c i d s  u n d e r  th e  u s u a l  S c h o t t e n —Baumann
c o n d i t i o n s  em ploying  a sodium h y d r o x id e  s o l u t i o n  f a i l e d ,
how ever .  That  h y d r o l y s i s  t o o k  p l a c e  f a s t e r  t h a n  r e a c t i o n
w i t h  a number of  amino a c i d s  u s i n g  t h i s  s t r o n g  b a se  was
e v i d e n t  by th e  a lm o s t  q u a n t i t a t i v e  r e c o v e r y  of  phenoxa—
t h i i n c a r b o x y l i c  a c i d  ( L I I )  on a c i d i f i c a t i o n  of  th e  r e a c t i o n
m i x t u r e .  In o n ly  two c a s e s  was a r e a c t i o n  s u c c e s s f u l .
These were t h e  r e a c t i o n s  w i t h  g l y c i n e  (LXVIII) a'lid w i t h
L(—) - p r o l i n e  (LXIV) t o  g iv e  N— (Ip—p h e n o x a t h l i n c a r b o n y U g l y c i n e
(LXV) and N—(i j . - p h e n o x a th l in c a r b o n y l ) —L (—)—p r o l i n e  (LXVI),
r e s p e c t i v e l y .  (These p r o d u c t s  were o b t a i n e d  i n  sm a l l  y i e l d s ,
and th e  r e a c t i o n s  were o f  q u e s t i o n a b l e  r e p r o d u c i b i l i t y .  Wu
(2 2 ) had o b se rved  a s i m i l a r  d i f f i c u l t y  i n  h i s  s t u d i e s  on
t h e  r e a c t i o n s  o f  l\.—phenoxa t h i i n c a r b o x y l i c  a c i d  c h l o r i d e
(LXII) w i t h  amino a c i d s .  E le m e n ta l  a n a l y s i s  and i n f r a r e d
s p e c t r a  o f  th e  p r o d u c t s  LXV and LXVI were c o n s i s t e n t  w i t h
t h e  s t r u c t u r a l  a s s i g n m e n t s .  The amide I  and amide I I  bands
f o r  a se co n d a ry  amide (lj.0 ) were  l o c a t e d  a t  1620  cm.*"’'1' and
1520 cm. \  r e s p e c t i v e l y  f o r  LXV. S in c e  t h e r e  can  n o t  be
an amide I I  band f o r  a t e r t i a r y  am ide ,  o n ly  th e  amide I  band
was ob se rved  f o r  LXVI a t  1600 cm. w i t h  a s h o u l d e r  a t  1620 
- 1cm.









Having e s t a b l i s h e d  th e  d i f f i c u l t y  of  r e a c t i o n  o f  Ip- 
p h e n o x a t h i i n c a r b o x y l i c  a c id  c h l o r i d e  (LXII) w i t h  amino a c i d s  
i n  a sodium h y d ro x id e  s o l u t i o n ,  i t  was e v i d e n t  t h a t  m o d i f i e d  
S c h o t t e n —Baumann c o n d i t i o n s  shou ld  be used i n  t h e  p r e p a r a t i o n  
o f  amide d e r i v a t i v e s  o f  1| , 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  
(LXVIia) .  The use  of  amino a c i d  e s t e r s  i n s t e a d  of  amino 
a c i d s  would be a d v a n ta g e o u s  b e c a u se  of  th e  concommitant  
i n c r e a s e  i n  n u c l e o p h i l i c i t y  o f  th e  n i t r o g e n  a tom . F u r t h e r ­
more,  t h e  h y d r o l y s i s  of  t h e  a c i d  c h l o r i d e  g roups  of LXXXVI 
c o u ld  be v i r t u a l l y  e l i m i n a t e d  by d i s s o l v i n g  th e  d i c a r b o x y l i c  
a c i d  c h l o r i d e ,  LXXXVI, and t h e  amino a c i d  e s t e r  i n  benzene  
and s t i r r i n g  th e  r e s u l t i n g  s o l u t i o n  w i t h  a n  aqueous s o l u t i o n  
o f  th e  weak b a s e ,  sodium b i o a r b o n a t e .
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When th e  a c i d  c h l o r i d e ,  LXXVI, was t r e a t e d  under  
t h e s e  m o d i f i e d  S c h o t t e n —Baumann c o n d i t i o n s  w i t h  g l y c i n e  
e t h y l  e s t e r  h y d r o c h l o r i d e  (LXXV), L(—)—l e u c i n e  m ethy l  e s t e r  
h y d r o c h l o r i d e  (LXXXVII), L (—) ~ le u c i n e  e t h y l  e s t e r  hy d ro ­
c h l o r i d e  (LXXXVIII) and L (—) - p h e n y l a l a n i n e  m e thy l  e s t e r  
h y d r o c h l o r i d e  (LXXXVIII) t h e r e  were o b t a in e d  good y i e l d s  of  
d i e t h y l  N,N! —(If ,6—p h e n o x a t h i i r i b i s c a r b o n y l ) d i g l y c i n a t e  (XCI), 
d im e thy l  N,N! —(Ip, 6 - p h e n o x a t h i i n b i s c a r b o n y l ) —L(—)—d i l u c i n a t e  
(XCII) ,  d i e t h y l  N, N '—(If, 6—p h e n o x a t h i i n b i s c a r b o n y l ) —L(—)— 
d i l u c i n a t e  monohydrate  ( C I I I ) ,  and d im e th y l  N,N' —(If,6— 
p h e n o x a t h i i n b i s c a r b o n y l ) —L(—)—d i p h e n y l a l a n a t e  ( X C I I I ) .  That  
r e a c t i o n  o c c u r r e d  on b o th  a c i d  c h l o r i d e  groups  of  LXXXVI 
was c o n f i rm ed  by e l e m e n t a l  a n a l y s i s ,  u l t r a v i o l e t ,  i n f r a r e d  
and n u c l e a r  m agne t ic  r e s o n a n c e  s p e c t r o s c o p y .
An a l t e r n a t e  method was a l s o  i n v e s t i g a t e d  f o r  th e  
p r e p a r a t i o n  of th e  amide d e r i v a t i v e s  of  If, 6—phenoxa t h i  i n d i — 
c a r b o x y l i c  a c i d  (LXVIia) .  I t  was e x p e c te d  t h a t  th e  r e a c t i o n  
o f  an  amino a c i d  o r  amino a c i d  e s t e r  w i t h  I f - c h lo ro m e th y l—6— 
p h e n o x a t h i i n c a r b o x y l i c  a c i d  c h l o r i d e  (LXXIV), p r e p a r e d  from 
If—hydroxym ethy l—6—phenoxa t h i i n c a r b o x y l i c  a c i d  (LXXI) and 
t h i o n y l  c h l o r i d e ,  would t a k e  p l a c e  w i t h  d i s p l a c e m e n t  of  
b o th  h a lo g e n  a tom s.  The r e s u l t i n g  compound co u ld  t h e n  be 
o x i d i z e d  by chromic a c i d  (6f?) t o  g iv9  th e  same amide d e r i v ­
a t i v e s  (LXI) t h a t  were p r e p a r e d  from th e  r e a c t i o n  of  If, 6 — 
p h e n o x a t h i i n c a r b o x y l I c  a c i d  c h l o r i d e  (LXXVI) and an amino 
a c i d  o r  amino a c i d  e s t e r .  Even i f  th e  r e a c t i o n  d id  n o t  t a k e  
p l a c e  a t  th e  c h lo r o m e th y l  g rou p ,  b u t  o n ly  a t  t h e  a c i d  
c h l o r i d e  g roup ,  d e r i v a t i v e s  would t h e n  have been  a v a i l a b l e
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t o  t e s t  any change i n  b i o l o g i c a l  a c t i v i t y  which  would r e s u l t  
on s u b s t i t u t i o n  o f  one o f  th e  p e r i —p o s i t i o n s  w i t h  a group 
t h a t  i s  n o t  an  amide d e r i v a t i v e .
The r e a c t i o n  of  I4.—c h lo r o m e th y l—6—p h e n o x a t h i i n c a r -  
b o x y l i c  a c id  c h l o r i d e  (LXXIV) w i t h  g l y c i n e  (L X II I )  and w i t h  
g l y c i n e  e t h y l  e s t e r  h y d r o c h l o r i d e  (LXXV) l e d  t o  t h e  forma­
t i o n  o f  N,N' —(lj.-meth.yl—6- p h e n o x a t h l i n c a r b o n y l ) d i g l y c i n e  
(LXXVI) and e t h y l  N - ( l | - c h l o r o n e t h y l —6—phenoxa t h i  i n c a r b o n y l )  
g l y c i n a t e  (LXXVII) r e s p e c t i v e l y .  The l a t t e r  s y n t h e s i s  co u ld  
a l s o  be a cc o m p l i sh e d ,  a l t h o u g h  i n  s m a l l e r  y i e l d s ,  by h e a t i n g  
a m ix tu r e  of  l4. - ch lo ro m e th .y l -6- p h e n o x a t h i i n c a r b o x y l i c  a c i d  
c h l o r i d e  (LXXV) and g l y c i n e  e t h y l  e s t e r  h y d r o c h l o r i d e  (LXXV) 
in  b e n z e n e .  I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  no r e a c t i o n  
t o o k  p l a c e  when LXXIV and LXXV were h e a t e d  i n  t r i e t h y l  
am ine .  The wide m e l t i n g  p o i n t  range  (m.p.  II4.0—II4.70 ) o f  th e  
t r a c e  amount o f  p r o d u c t  from th e  r e a c t i o n  w i t h  g l y c i n e  
i n d i c a t e d  t h a t  th e  p r o d u c t  may be im pure .  T h is  was e v i d e n t  
from th e  hydrogen  a n a l y s i s ,  which  was 0.5k%  l o w e r  th a n  t h a t  
c a l c u l a t e d  f o r  LXXVI. However, a n e g a t i v e  B e i l s t e i n  t e s t  
and th e  i n f r a r e d  spec t rum  o f  t h i s  compound were  c o n s i s t e n t  
w i t h  t h e  a s s i g n e d  s t r u c t u r e ,  LXXVI. The a s s i g n e d  s t r u c t u r e  
f o r  LXXVII was oonf i rm ed by e l e m e n t a l  a n a l y s i s ,  a p o s i t i v e  
B e i l s t e i n  t e s t ,  and i n f r a r e d  and n u c l e a r  m ag n e t ic  r e so n ance  
s p e c t r o s c o p y .
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1|1 l
The c h lo r o m e th y l  g rou p  a p p e a re d  t o  be r e s i s t a n t  to  
n u c l e o p h i l i c  d i s p l a c e m e n t  by an  amine,  so f u r t h e r  r e s e a r c h  
l e a d i n g  t o  th e  p r e p a r a t i o n  o f  amide d e r i v a t i v e s  (LXI) by 
t h i s  p r o c e d u re  was n o t  p u r s u e d .  The u n u s u a l  f o r m a t i o n  of  
th e  c h lo r o m e th y l  g roup  and i t s  s t r o n g  r e s i s t a n c e  t o  r e a c t i o n  
was a l s o  i n d i c u t e d  by th e  e s t e r i f i c a t i o n  of LXXI.V t / i t h  
m ethy l  a l c o h o l  t o  g i v e ,  a s  t h e  o n ly  p r o d u c t ,  m ethy l  I4.— 
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W ith th e  s u c c e s s f u l  p r e p a r a t i o n  o f  s e v e r a l  amide 
d e r i v a t i v e s  of  I p - p h e n o x a t h i i n c a r b o x y l i c  a c i d  ( L I I )  and l|.,6— 
p h e n o x a t h i i n d i c a r b o x y l l a  a c i d  (LXVIIa) th e  g o a l  of p r e p a r i n g  
p h e n o x a t h i i n  a n a lo g s  o f  a c t in o m y c in  was a c h i e v e d .  The 
s u c c e s s f u l  s y n t h e t i c  p ro c e d u re s  used t o  o b t a i n  t h i s  d e s i r e d  
g o a l  have t h u s  l e d  t o  d e r i v a t i v e s  o f  p h e n o x a t h i i n  (L) which 
a r e  n o v e l  and t o  a n a lo g s  o f  a c t in o m y c in  which  o r i g i n a t e  
from a c o m m e rc ia l ly  a v a i l a b l e ,  b i o l o g i c a l l y  a c t i v e  t r i c y c l i c  
h e t e r o c y c l i c  sy s tem .
Having a cc o m p l i sh e d  th e  d e s i r e d  g o a l  o f  p r e p a r a t i o n  
of  s e v e r a l  s t r a i g h t  c h a i n  d e r i v a t i v e s  of  p h e n o x a t h i i n  (L ) ,  
i t  was o f  i n t e r e s t  t o  a t t e m p t  t o  j o i n  th e  ip- and 6—p o s i t i o n s  
of  p h e n o x a t h i i n  (L) t h r o u g h  a c y c l i c  s t r u c t u r e .  The p re p ­
a r a t i o n  o f  such  a p h e n o x a t h i i n  (L) d e r i v a t i v e  would be 
v a l u a b l e  i n  s t u d y i n g  t h e  c o n f o r m a t i o n  of t h e  p h e n o x a t h i i n  
r i n g  sy s te m .  I t  has  b e e n  p ro p o se d  t h a t  th e  t r i c y c l i c  sys tem 
may be c a p a b le  of a b u t t e r f l y  ty pe  i n v e r s i o n j  however ,  
r e c e n t  r e s e a r c h  on 1 , 14.—d ih y d ro b en z en e  would s u g g e s t  t h a t  
th e  r i n g  sys tem  i s  p l a n a r .  The i m p o r t a n t  p h a r m a c o lo g ic a l  
a c t i v i t y  o f  c y c l i c  p e p t i d e s  a l s o  p r o v id e d  an  i n t e r e s t  i n  
o b t a i n i n g  t h i s  n o v e l  typ e  s t r u c t u r e  f o r  s c r e e n i n g .
The r e a c t i o n  o f  ip, 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  
c h l o r i d e  (LXXXVI) w i t h  e t h y l e n e  g l y c o l  (XOIV) f a i l e d  t o  g iv e  
a c y c l i c  p r o d u c t ,  b u t  p resu m ab ly  gave th e  a c y o l i c  p r o d u c t  
CIV. This  was su g g e s t e d  by t h e  p r e s e n c e  o f  h y d ro x y l  a b s o r p ­
t i o n  a t  3^-00 cm. ^ and e s t e r  c a r b o n y l  a b s o r p t i o n  a t  1720 
cm.“ ^ i n  th e  i n f r a r e d  spec t ru m  o f  th e  p r o d u c t  from t h i s
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r e a c t i o n .  That  th e  r e a c t i o n  of LXXVI w i t h  o -p h en y le n ed iam in e  
(XCV), i n  which  th e  amino groups  a r e  h e ld  r i g i d l y  by the  
benzene  n u c l e u s ,  p r o b a b ly  gave th e  c y c l i c  a d d u c t  XCVI was 
c o n s i s t e n t  w i t h  t h e  e l e m e n t a l  a n a l y s i s  o f  th e  p r o d u c t .  The 
compound gave a n e g a t i v e  B e i l s t e i n  t e s t  and i t s  i n f r a r e d  
spec t rum  showed an amide I  d o u b l e t  a t  1690 cm.- "1 and 1650 
cm.*"1 , and an amide I I  d o u b l e t  a t  1590 cm.” 1 and 1550 cm."-1 
f o r  a se co n d a ry  amide,  t h u s ,  g i v i n g  a d d i t i o n a l  s u p p o r t  t o  
th e  a s s i g n e d  s t r u c t u r e ,  XCVI, f o r  t h e  p r o d u c t  o f  t h i s  r e a c ­
t i o n .  S ince  th e  s y n t h e s i s  of  such  b r i d g e d  compounds were 
n o t  n e c e s s a r y  t o  t h i s  t h e s i s ,  t h e s e  r e a c t i o n s  were n o t  i n ­
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An i n t e r e s t i n g  s id e  p r o d u c t  was i s o l a t e d  from the  
m ono m eta la t ion  r e a c t i o n  o f  p h e n o x a t h i i n  (L) w i t h  n—b u t y l — 
l i t h i u m  (X L I) . The s t r u c t u r e  of  t h i s  s i d e  p r o d u c t  was 
d e te r m in e d ,  and th e  method o f  i t s  f o r m a t i o n  was i n v e s t i g a t e d .  
The p r o d u c t  showed maxima a t  279 and 3^5 mp i n  th e  u l t r a ­
v i o l e t  spec t ru m ,  and th e  i n f r a r e d  spec t rum  showed a c a r b o n y l  
s t r e t c h i n g  a b s o r p t i o n  a t  1660 cm.” ^ .  These d a ta  s t r o n g l y  
su g g e s te d  a k e to n e  c a r b o n y l  p r o b a b ly  c r o s s  c o n ju g a te d  w i t h  
two a ro m a t ic  s y s t e m s .  The compound gave a p o s i t i v e  2,ij.— 
d i n i t r o p h e n y l h y d r a z i n e  t o s t  w i t h  t h e  f o r m a t i o n  o f  a red  
d e r i v a t i v e ,  t h u s  ad d in g  s u p p o r t  t o  th e  a s su m p t io n  o f  the  
c o n ju g a te d  c a r b o n y l .  The e l e m e n t a l  a n a l y s i s  su g g e s t e d  t h a t  
t h e  compound m igh t  be I4-,[4. '—d i p h e n o x a t h i i n y l  k e to n e  (L V I) .
This  s t r u c t u r e  would be in  agreem ent  w i t h  G i lm a n 's  o b se rv a ­
t i o n s  (ij.2 , i+3 ) t h a t  k e to n e s  may r e s u l t  from m e t a l a t i o n  r e a c ­
t i o n s  u n de r  c e r t a i n  c o n d i t i o n s .  The s u c c e s s f u l  s y n t h e s i s  
o f  if, I41—d i p h e n o x a t h i i n y l  ke tone  (LVI) from th e  r e a c t i o n  of  
I4—p h e n o x a t h i i n y l  l i t h i u m  (LI)  and l i t h i u m  I4—p h e n o x a t h i i n — 
c a r b o x y l a t e  (LIV) in  6 .]+$ y i e l d  conf i rm ed  the  s t r u c t u r a l  
a s s ig n m en t  o f  t h i s  second p r o d u c t  o b t a i n e d  i n  a 1 . 7$ y i e l d  
from th e  m o n o m e ta la t io n  r e a c t i o n .
A l though  w a t e r  was used In  th e  work up o f  t h e  mono— 
m e t a l a t i o n  r e a c t i o n  p r o d u c t s ,  p r e c a u t i o n s  were t a k e n  t o  avo id  
c o n t a c t  o f  w a t e r  w i t h  th e  r e a c t i o n  m ix t u r e  a t  a l l  t im e s  i n  
th e  d i r e c t  s y n t h e s i s  of  LVI. A f t e r  h e a t i n g  an anhydrous  
e th e r - h e x a n e  s o l u t i o n  o f  L I  and LIV u n d e r  n i t r o g e n ,  th e  
r e a c t i o n  m ix tu re  was f i l t e r e d  and th e  s o l v e n t  was a l low ed  t o
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
e v a p o r a t e  from th e  f i l t r a t e  t o  g iv e  LVI. I t  a p p e a r s  u n l i k e l y  
t h a t  LVI was s o l u b l e  in  e t h e r  and t h a t  a tm o sp h e r ic  m o i s tu r e  
caused  th e  h y d r o l y s i s  of  LV t o  LVI. T h e r e f o r e ,  the  f o r m a t i o n  
o f  LVI in  t h e  absen ce  o f  w a t e r  i n d i c a t e d  t h a t  t h e  d i r e c t  
e l i m i n a t i o n  o f  l i t h i u m  ox ide  may have t a k e n  p l a c e ,  a l t h o u g h  
i n  s m a l l  y i e l d s ,  c o n t r a r y  t o  th e  s t a t e m e n t  of  Oilman (ij.2,1+3) 
t h a t  h y d r o l y s i s  was n e c e s s a r y  t o  f r e e  t h e  c a r b o n y l  compound.
9C-OLi
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The a s s i g n e d  s t r u c t u r e  of the  ke to n e  (LVI) was 
f u r t h e r  complemented by th e  n u c l e a r  m agne t ic  r e s o n a n c e  
spec t rum  w hich  showed a q u a r t e t  a t  5 .7 5  p .p .m .  (2  h y d r o g e n s ) ,  
an a ro m a t i c  complex a t  6 .9 7  p .p .m .  (12  h y d ro g en s )  and a 
q u a r t e t  a t  7 .^ 7  p .p .m .  (2 h y d r o g e n s ) .  I t  i s  a w e l l  known 
f a c t  t h a t  a c a r b o n y l  g roup  a t t a c h e d  t o  a benzene  r i n g  may 
have a s t r o n g  d e s h i e l d i n g  e f f e c t  on th e  o r t h o —h ydrogens  (6 5 ) .  
The o bse rv ed  q u a r t e t  a t  low f i e l d  i n d i c a t e d  t h a t  t h i s  was 
as  e x p e c te d  f o r  t h e  3 and 3 '  —p o s i t i o n s .  The p a ra m a g n e t ic  
s h i f t  n o ted  f o r  t h e  h i g h e r  f i e l d  q u a r t e t  may be e x p l a i n e d  
by a s h i e l d i n g  e f f e c t  on t h e  p r o t o n s  o f  th e  6 and 6 f — 
p o s i t i o n s  by th e  77" sys tem of  th e  o pp o s ing  a r o m s t i c  m o ie t y .
S t e r l c  f a c t o r s  may be m en t ioned  as  an e x p l a n a t i o n  
f o r  t h e  low y i e l d  ( 1 .7 $ )  o f  k e to n e  (LVI), o b t a i n e d  i n  t h e  
m o n o m e ta la t io n  r e a c t i o n .  This  e x p l a n a t i o n  i s  c o r r e l a t e d
.o
w i t h  th e  f a c t  t h a t  p—t o l y l l i t h i u m  on c a r b o x y l a t i o n  a t  0—15 
gave 1$ o f  p—t o l u i c  a c i d  and 77—81$ o f  d i —P—t o l y l  k e to n e ;  
w h e r e a s ,  o—t o l y l l i t h i u m  on c a r b o x y l a t i o n  a t  t h e  same temp­
e r a t u r e  gave o—t o l u i c  a c i d  i n  35$  y i e l d  a s  th e  o n ly  p r o d u c t  
(1+2). O ther  f a c t o r s  which may a c c o u n t  f o r  t h e  low y i e l d  
of  k e to n e  from t h e  m e t a l a t i o n  r e a c t i o n  a r e :  ( 1 ) s o l i d  c a rb o n
d i o x id e  was used t o  p r o v id e  a l a r g e  l o c a l  c o n c e n t r a t i o n  o f  
c a rb o n  d i o x id e  f o r  th e  c a r b o x y l a t i o n  s t e p ,  and (2 ) a low 
t e m p e r a t u r e  was used  f o r  th e  c a r b o x y l a t i o n  s t e p  t o  d e c r e a s e  
th e  f o r m a t i o n  o f  g a seo u s  c a rb o n  d i o x i d e .
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Having e s t a b l i s h e d . th e  s t r u c t u r e  of  t h e  k e to n e  from
th e  m o n o m e ta la t io n  r e a c t i o n  of  p h e n o x a t h i i n  (L ) ,  i t  was 
d e s i r a b l e  t o  examine i t s  mode o f  f o r m a t i o n .  Three p o s s i b l e  
s y n t h e t i c  r o u t e s  were  i n v e s t i g a t e d .  (1) L i th iu m  ij.—phenoxa— 
t h i i n c a r b o x y l a t e  (LIV) may have undergone  d e c a r b o x y l a t i o n  i n  
p a r t  t o  p h e n o x a t h i i n y l l i t h i u m  (LI)  which  t h e n  underwent  
r e a c t i o n  w i t h  e x c e s s  l i t h i u m  1|—p h e n o x a t h i i n c a r b o x y l a t e  (LIV) 
t o  form th e  k e t o n e ,  LVI. That  suoh a d e c a r b o x y l a t i o n  s t e p  
d id  n o t  o c c u r  was v e r i f i e d  by th e  l a c k  o f  f o r m a t i o n  of  
p h e n o x a t h i i n  (L ) ,  w h ich  would have r e s u l t e d  from th e  r e a c t i o n  
o f  e x c e s s  L I  w i t h  w a t e r  d u r i n g  th e  aqueous work—up, o r  
ke to n e  (LVI) when a m ix tu r e  o f  l i t h i u m  phenoxa t h i i n c a r ­
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(2) [ ( . -P h e n o x a th i in y l l i t h iu m  (LI)  may have undergone 
r e a c t i o n  w i t h  ca rbo n  d io x id e  from th e  a tm osphere  t o  g iv e  
l i t h i u m  Ij.—p h e n o x a t h i i n c a r b o x y l a t e  (LIV) which  gave a d d i t i o n  
w i t h  e x c e s s  if.—p h e n o x a t h i i n y l l i t h i u m  (LI)  t o  form th e  ke tone  
(LVI) .  This  p o s s i b i l i t y  was su p p o r t e d  by th e  o b s e r v a t i o n  
o f  Gilman (lj.2) t h a t  p h e n y l l i t h i u m  was c o n v e r t e d  t o  b e n a o -  
phenone by the  p re s e n c e  o f  sm a l l  volumes o f  gaseous  c a rb o n  
d i o x i d e ,  l h a t  t h i s  r e a c t i o n  d id  n o t  o c c u r  was v e r i f i e d  by 
th e  l a c k  o f  f o r m a t i o n  o f  ke tone  LVI when th e  m e t a l a t i o n  
r e a c t i o n  was decomposed .by b e in g  poured  i n t o  w a t e r  r a t h e r  
t h a n  on s o l i d  c a rb o n  d i o x i d e .
(3) 1|—P h e n o x a t h i i n y l l i t h i u m  (LI)  may have undergone 
r e a c t i o n  w i t h  a l i m i t e d  amount o f  c a rb o n  d i o x id e  gas  from 
th e  s u b l i m a t i o n  o f  s o l i d  c a rb o n  d i o x id e  t o  g iv e  l i t h i u m  !(.— 
p h e n o x a t h i i n c a r b o x y l a t e  (LIV) w h ich  r e a c t e d  w i t h  e x c e s s  !).— 
p h e n o x a t h i i n y l l i t h i u m  (LI)  to  form th e  k e to ne  (LVI).  That 
t h i s  was the  case  was v e r i f i e d  by  c a r b o x y l a t i o n  o f  th e  
m e t a l a t i o n  r e a c t i o n  w i t h  c a rb o n  d i o x id e  gas  i n s t e a d  o f  s o l i d  
c a rb o n  d io x id e  t o  form th e  k e to ne  LVI i n  y i e l d s  o f  l e s s  t h a n  
2 %.
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I t  was of  i n t e r e s t  t o  i n v e s t i g a t e  b r i e f l y  t h e  p o s s i ­
b i l i t y  o f  s y n t h e s i s  of a p h e n o x a t h i i n  a n a lo g  o f  a c t in o m y c in  
i n  which  th e  c a r b o n y l  f u n c t i o n  of  th e  h e t e r o a r o y l  m o ie ty  was 
l o c a t e d  a t  a p o s i t i o n  o r t h o  t o  th e  s u l f u r  h e t e r o a t o m  and n o t  
th e  oxygen h e te ro a to m  a s  was p r e v i o u s l y  d i s c u s s e d .  Gilman 
(53) and S h i r l e y  (51+) r e p o r t e d  t h a t  th e  r e a c t i o n  o f  phenoxa—  
t h i i n —10—oxide  (XCVII) w i t h  3 e q u i v a l e n t s  of n—b u t y l l i t h i u m  
(XLI) l e d  t o  a m ix tu r e  o f  p h e n o x a t h i i n  (L ) ,  1—p h e n o x a t h i i n — 
c a r b o x y l i c  a c id  (XCVIII)., d ip h e n y l  e t h e r  (XCIX), 2—c arbo x y— 
d ip h e n y l  e t h e r  (C), 2 , 2 f - d i c a r b o x y d i p h e n y l  e t h e r  (C),  and 
n—b u t y l  m e rc a p ta n .  When th e  r e a c t i o n  of  p h e n o x a t h i i n —1 0 -  
ox ide  (XCVII), p r e p a r e d  by th e  p r o c e d u r e s  o f  Tomita (5 l )  and 
Gilman (5 2 ) ,  and 3 e q u i v a l e n t s  of  n - b u t y l l i t h l u m  (XLI) was 
r e p e a t e d  i n  t h i s  l a b o r a t o r y ,  th e  o n ly  p r o d u c t s  i s o l a t e d  were
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C l ,  v a l e r i c  a c i d  and r e c o v e r e d  XCVII. The a t t e m p t e d  syn­
t h e s i s  of  1—p h e n o x a t h i i n c a r b o x y l i c  a c i d  (XCVIII) ,  w hich  had 
been  pu rsu ed  o n ly  a s  a s i d e  i n t e r e s t ,  was n o t  i n v e s t i g a t e d  
f u r t h e r .
XCV11
V
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I t  was d e s i r a b l e  t o  i n v e s t i g a t e  w h e th e r  o r  n o t  asym­
m etry  c o u ld  be I n t r o d u c e d  i n  a p l a n a r  and d i a r y l  system by 
an  asym metr ic  o x i d i z i n g  a g e n t ,  4n asym m etr ic  o x i d a t i o n  by 
D(+)—p ercam p h o r ic  a c i d  (CV) would be e x p e c te d  t o  l e a d  t o  an 
o p t i c a l l y  a c t i v e  compound s t a r t i n g  w i t h  LXVIIIa , LXVIIIb, 
o r  LXVIIIc .  S ince  no a t t e m p t s  a t  a sym m etr ic  o x i d a t i o n s  of  
d i a r y l  s u l f i d e s  have been  r e p o r t e d ,  t h e  r e s u l t s  o f  t h i s  b r i e f  
i n v e s t i g a t i o n  would be n o v e l .  The a t t e m p t e d  asymmetr ic  
o x i d a t i o n  on th e  d i a r y l  s u l f i d e ,  d im e th y l  1 , 6—p h e n o x a t h i i n — 
c a r b o x y l a t e  (LXVIIIb) l e d ,  however ,  t o  t h e  f o r m a t i o n  o f  
d im e th y l  1 , 6—p h e n o x a t h i i n d i c a r b o x y l a t e —1 0 - d i o x id e  (C I I )  
u s i n g  D(+)—percam ph o r ic  a c i d  (CV), p r e p a r e d  by th e  p ro c e d u re  
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EXPERIMENTAL
M e l t in g  p o i n t s  were d e te rm in e d  on a K b f l e r  h o t  s t a g e  
a p p a r a t u s  and a r e  u n c o r r e c t e d .
I n f r a r e d  a b s o r p t i o n  s p e c t r a  were d e te rm in e d  on a 
P e r k i n —Elmer Model 137—B I n f r a c o r d  S p e c t r o p h o t o m e t e r ,  o r  on 
a P e r k i n —Elm er  Model 337 I n f r a c o r d  S p e c t r o p h o t o m e t e r  e qu ipped  
w i t h  sodium c h l o r i d e  o p t i c s ,  and vrere r e p o r t e d  i n  cm.- -'-,
Sach i n f r a r e d  spec t rum  i s  a s s i g n e d  a spec t rum  number which  
r e f e r s  t o  a c e r t a i n  i n f r a r e d  spec t rum  on a p a r t i c u l a r  i n f r a ­
red  s p e c t r o p h o t o m e t e r  a t  th e  U n i v e r s i t y  of  New Ham pshire .  
I n f r a r e d  s p e c t r a  o f  t h e  l i q u i d  samples  were d e te rm in e d  as  
f i l m s ,  and s o l i d  m a t e r i a l s  were d e te rm in e d  a s  m u l l s  i n  
H a lo ca rb on  o i l  (from ij.000 cm,~^ t o  1300 cm.- ■'•) and i n  N u jo l
- 1  i(from 1300 cm. t o  600 cm.- 1 ) .  The bands  a re  i n d i c a t e d  as  
s t r o n g ( s ) ,  medium(m), weak(w),  o r  s h o u l d e r ( s h ) .
U l t r a v i o l e t  s p e c t r a  were d e te rm in e d  u s i n g  a P e r k i n — 
Elm er  Model lj.000 S p e c t r a c o r d  R e co rd in g  S p e c t r o p h o t o m e t e r ,  
and were r e p o r t e d  I n  mu.
E le m e n ta l  a n a l y s e s  on compounds i n d i c a t e d  by an 
a s t e r i s k  were d e te rm in e d  by Schwarzkopf M l c r o a n s l y t i c a 1 
L a b o r a t o r i e s ,  Woodside,  Now York .  E le m e n ta l  a n a l y s i s  on 
th e  r e m a in d e r  o f  t h e  compounds were  d e te rm in e d  w i t h  a F&M 
Carbon, Hydrogen,  N i t r o g e n  A n a ly z e r ,  Model lQO.
M o le o u la r  w e ig h t s  were d e te rm in e d  on a Mechrolab 
Vapor P r e s s u r e  Osmometer, Model 301A.
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P r e p a r a t i o n  o f  n—B u t y l l i t h l u m ( L X I ) . I n t o  a 1—1.
3—necked f l a s k  equ ipped  w i t h  a H l r s h b e r g  s t i r r e r ,  d ro p p in g
f u n n e l ,  and the rm om eter  were p l a c e d  J+00 m l .  of  anhydrous
e t h e r .  A f t e r  sweeping th e  a p p a r a t u s  w i t h  n i t r o g e n ,  2 0 .0  g .
( 2 .8 8  g .  a toms) of  l i t h i u m  w i r e ,  c u t  a p p r o x i m a t e ly  5 mm. i n
l e n g t h ,  were washed w i t h  e t h e r  and p l a c e d  i n  th e  r e a c t i o n
f l a s k .  N i t r o g e n  was p a sse d  th ro u g h  th e  sys tem from t h i s
p o i n t  t o  th e  c o n c l u s i o n  of  t h e  p r e p a r a t i o n .  With th e  s t i r r e r
s t a r t e d ,  a b o u t  60 d rop s  of  a s o l u t i o n  o f  lOlf.0 g .  (0 .7 6
mole)  of  n—b u t y l  bromide(XL) in  200 m l .  o f  anhydrous  e t h e r
were added from th e  d ro p p in g  f u n n e l  t o  i n i t i a t e  th e  r e a c t i o n .
The s t a r t  o f  th e  r e a c t i o n  was e v id e n ce d  by a c l o u d i n e s s  of
th e  r e a c t i o n  m i x t u r e .  The r e a c t i o n  m ix tu re  was t h e n  c o o le d  
ot o  —10 w i t h  an a c e to n e —s o l i d  c a rb o n  d io x id e  b a th  and th e  
r e m a in d e r  o f  the  n—b u t y l  bromide(XL) and e t h e r  s o l u t i o n  was 
added d u r i n g  a 0 . 5  h r .  p e r i o d .  A f t e r  th e  a d d i t i o n  was com—  
p l e t e d ,  th e  r e a c t i o n  m ix tu re  was a l low ed  t o  warm t o  1 0 ° .
The r e a c t i o n  m ix tu re  was t h e n  f i l t e r e d  th r o u g h  g l a s s - w o o l ,  
and th e  f i l t r a t e  was d i l u t e d  t o  800  m l .  w i t h  anhydrous  e t h e r .  
The y i e l d  was e s t i m a t e d  (37) a t  80—90$.
The n—'b u t y l l i t h i u m ( X L I )  s o l u t i o n s ,  a s  p r e p a r e d  
above ,  were used im m e d ia te ly .
However, most  of  th e  m e t a l a t i o n  r e a c t i o n s  were 
c a r r i e d  ou t  u s in g  n—b u t y l l i t h i u m ( X L I )  p ro v id e d  by Poote  
M in e ra l  Company.
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P r e p a r a t i o n  o f  h—P h e n o x a t h i i n c a r b o x v l i c  A c i d ( L I I ^ . 
P ro c ed u re  A — To 300 m l .  o f  an  e t h e r e a l  s o l u t i o n  o f  n— 
b u t y l l i t h i u m ( X L I )  p r e p a r e d  from 2 0 8 .0  g .  (1 .5 2  mole)  of 
n - b u t y l  bromide (XL) and if.0.0 g .  (5 .7 6  g .  a toms)  o f  l i t h i u m ,  
was added 8 0 .0  g .  (0 .  IpO mole) o f  phenoxa t h i i n  (L) and th e  
r e a c t i o n  was s t i r r e d  f o r  5 l  h r .  u n d e r  n i t r o g e n  a t  room 
t e m p e r a t u r e  w i t h  a H i r s h b e r g  s t i r r e r .  The s o l u t i o n  was 
t h e n  po u red ,  u nder  n i t r o g e n ,  on to  a s l u r r y  o f  s o l i d  c a r b o n  
d io x id e  i n  e t h e r .  The m ix tu re  was a l lo w ed  t o  s t a n d  u n t i l  
a l l  the  s o l i d  c a rb o n  d i c x i d e  had su b l im e d ,  and 200 m l .  of  
w a t e r  were added t o  th e  r e a c t i o n  m i x t u r e .  The aqueous 
phase  wa3 s e p a r a t e d  and a c i d i f i e d  w i t h  5$ h y d r o c h l o r i c  
a c i d  t o  cause  t h e  p r e c i p i t a t i o n  o f  3 5 .5  g .  o f  h i g h l y  impure 
L|.—phenoxa t h i  i n c a r b o x y l  i c  a c i d ( L I I ) ,  m .p .  150—2 8 0 ° .  The 
impure compound was s t i r r e d  w i t h  l\.ofo sodium h y d ro x id e  and 
th e  m ix tu re  was a l low ed  t o  s t a n d  f o r  5 h r .  F i l t r a t i o n  
th r o u g h  a s i n t e r e d  g l a s s  f u n n e l  and a c i d i f i c a t i o n  o f  th e  
f i l t r a t e  gave a p r o d u c t  of  m.p .  162—16L(.0 . Three r e c r y s — 
t a l l i z a t i o n s  of  th e  c rude  s o l i d  f rom g l a c i a l  a o e t i c  a c i d  
gave 2 0 .0  g .  (20 .  kf°) o f  pure  [).—phenoxa t h i  i n c a r b o x y l  ic  
a c i d ( L I I ) , m .p .  17 1 -1 7 3 ° ;  L i t .  (3 6 ) ,  m .p .  1 7 0 -1 7 2° .
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P ro c ed u re  B — To a s o l u t i o n  o f  lj.0.0 g .  ( 0 .2 0  mole)  
of  p h e n o x a t h i i n ( L )  i n  200 m l .  o f  an hydrous  e t h e r  was added
85 .2  g .  (0 .2 0  r.icle) o f  1 5 .0 3 $  n—b uty l l i th ium (X L .T)  i n  hexane 
s o l u t i o n ,  and th e  r e s u l t a n t  s o l u t i o n  was s t i r r e d  f o r  IpO h r .  
a t  room t e m p e r a t u r e  w i t h  a m agn e t ic  s t i r r e r  i n  a s e a l e d  
sys tem  u n d e r  n i t r o g e n .  The s o l u t i o n  was t h e n  p o u re d ,  u nd e r  
n i t r o g e n ,  on to  a s l u r r y  of  s o l i d  c a rb o n  d i o x i d e  i n  e t h e r .
A f t e r  a l l  t h e  s o l i d  c a rb o n  d i o x id e  and s o l v e n t  had e v a p o r a t e d ,  
th e  r e s i d u e  was washed w i t h  w a t e r  and th e  s l u r r y  was f i l t e r e d  
t o  s e p a r a t e  th e  i n s o l u b l e  s t a r t i n g  p h e n o x a t h i i n ( L )  from 
th e  l i t h i u m  c a r b o x y l a t e  s a l t ( L I V ) .  A c i d i f i c a t i o n  o f  th e  
f i l t r a t e  caused  th e  p r e c i p i t a t i o n  of  2 9 .0  g .  (5 9 *3$) of 
impure If—phenoxa t h i  i n c a r b o x y l  i c  a c i d ( L I I ) ,  m .p .  162—172" .
Two r e c r y s t a l l i z a t i o n s  o f  th e  s o l i d  from g l a c i a l  a c e t i c  
a c i d  gave 1 3 .5  g .  (2 7 . 6$) of  pure  1|—phenoxa t h i  i n c a r b o x y l  io 
a o i d ( L I I ) ,  m .p .  1 7 3 -17 5 ° .
Because of th e  need f o r  l a r g e  amounts of Ip-phenoxa— 
t h i i n c a r b o x y l i c  a c i d ( L I I ) ,  t h i s  p r o c e d u re  was r e p e a t e d  many 
t i m e s .  The h i g h e s t  y i e l d  o f  impure 1|—phenoxa t h i i n c a r b o x y l i c  
a c i d ( L I I )  o b t a i n e d  was 9 1 .2 $  o f  m e l t i n g  p o i n t  160—168°•  
however ,  t h e  av e rag e  y i e l d  was a p p r o x i m a t e ly  70$. H e c r y s t a l — 
l i z a t i o n  o f  th e  c ru d e  m a t e r i a l  from g l a c i a l  a c e t i c  a c i d  
d e c r e a s e d  th e  a v e ra g e  y i e l d  t o  a p p r o x i m a t e ly  50$ o f  pure  
compound, m .p .  171—173°•  The a v e ra g e  y i e l d  o f  pu re  compound 
cou ld  be i n c r e a s e d  t o  a p p r o x i m a t e ly  60$ by c o l l e c t i n g  a 
second c ro p  o f  1).—phenoxa t h i i n c a r b o x y l i c  a c i d  ( n i l )  on e v ap o r—  
a t i o n  o r  t h e  s o l v e n t  un d e r  a s p i r a t o r  p r e s s u r e .
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A t im e s tu d y  d e s ig n e d  t o  a r r i v e  a t  th e  h i g h e s t  y i e l d  
c f  p r o d u c t  i n d i c a t e d  t h a t  th e  r e a c t i o n  cou ld  be c a r r i e d  out  
i n  20 h r .  i n s t e a d  of  I4.0 h r .  w i t h o u t  any  s u b s t a n t i a l  l o s s  in  
y i e l d .
A n a l . C a lc d .  f o r  C - ^ H ^ S :  C, 6 3 .9 2 ;  H, 3 . 3 0 .
Pound:  G, 61)..05; H, 3 . 0 5 .
I n f r a r e d  Spectrum (Model 137—B, No. 5 ) :  3000(m),
1 6 8 0 ( a ) ,  l 6 0 0 (m), ll|.70(xn), l l+ 2 0 (s ) ,  1 2 7 5 (m), 1220(m),
1 1 6 0 (w), 1130(w),  1 0 8 0 (w) , 10 3 0 (w), 9l)-0(m, b r o a d ) ,  890(m), 
850(m, b r o o d ) ,  8 l0 (m ) ,  7 7 0 ( s h ) ,  7 5 5 ( a ) ,  730(m), 720(m),
6 7 5 (w).
P r e p a r a t i o n  o f  Methyl U—P h e n o x a t h i l n o a r b o x v l a t e ( L I I ) . 
P ro c e d u re  A — A s o l u t i o n  of  2 . 0  g .  ( 8 . 1  mmoles) of  i|—phenox— 
a t h i i n c a r b o x y l i c  a c i d ( L I I )  i n  50 m l.  o f  a b s o l u t e  m ethy l  
a l c o h o l  was s a t u r a t e d  w i t h  h yd ro g en  c h l o r i d e  and th e  r e s u l t ­
i n g  s o l u t i o n  was h e a t e d  u nd e r  r e f l u x  f o r  3 h r .  The s o l u t i o n  
was t h e n  poured  i n t o  150 m l.  c f  i c e  w a t e r  t o  cause  th e  p r e ­
c i p i t a t i o n  o f  a d a rk  brown o i l ,  w h ich  on d i s t i l l a t i o n  u n d e r  
redu ced  p r e s s u r e  gave 1 .5 0  g .  (7 1 .8 $ )  o f  m e th y l  I j-phenoxa— 
t h i i n c a r b o x y l a t e ( L 1 1 I ) , b . p .  I 60—185° a t  0 . 9  mm; L i t .  (3 8 ) 
b . p .  I 83- I 870 a t  1 ram.
P ro c ed u re  B — To 2 0 .0  g .  (0 .0 8 1  mole) o f  1).—phenoxa— 
t h i i n c a r b o x y l i c  a c i d ( L I I )  was added 25 ml.  o f  t h i o n y l  
c h l o r i d e ,  and th e  s o l u t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  30 
m ln .  A f t e r  removal  o f  e x c e s s  t h i o n y l  c h l o r i d e  by e v ap o ra ­
t i o n  u n d e r  red u c ed  p r e s s u r e ,  30 ml.  of  m e th y l  a l c o h o l  was 
added t o  th e  Impure l | ."~phenoxa th I incarboxy lIc  a d d  c h l o r i d e
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(LXII)  r e s i d u e .  The s o l u t i o n  was r e f l u x e d  f o r  10 m i n . ,  and 
poured  i n t o  100 m l.  o f  w a t e r .  The r e s u l t a n t  o i l  was t a k e n  
up w i t h  e t h e r  and th e  e t h e r  s e p a r a t e d  and removed by f l a s h — 
d i s t i l l a t i o n  u n de r  r ed u ced  p r e s s u r e .  The o i l  w h ich  was l e f t  
b e h in d  was d i s t i l l e d  u n d e r  r ed u ced  p r e s s u r e  t o  g iv e  1 2 .0  g .  
( 7 3 . 5$) of  m e th y l  ij.—p h e n o x a t h i i n c a r b o x y l a t e  ( L I I I ) , b . p .
196-198° a t  2 .7  mm; L i t .  (3 8 ) b . p .  183- 187" a t  1 mm.
I n f r a r e d  Speotrum (Model 137—B, No. 1575) ’ 3U50(m,
b r o a d ) ,  1 7 2 0 ( a ) ,  l 6 0 0 (m ) ,  ll | .70(w), l l | . 2 0 ( s ) ,  1275(w),  1220(w) ,  
1 20 0 (w ) , l l 6 0 ( m ) , 1130(m), 1 0 8 0 (m), 1 0 3 0 ( s ) ,  960(m), 9ij.0(w),
8 7 5 (m), 8 60 (w ) , 7 5 5 ( s ,  b r o a d ) ,  7 3 0 ( s h ) ,  7 2 0 ( s h ) ,  675(m).
R e a c t io n  o f  P h e n o x a th i i n ( L )  w i t h  One E q u i v a l e n t  of  
n—B u t y l l i t h l u m ( X L I ) . To a s o l u t i o n  o f  1 0 0 .0  g .  (C.50 mole)  
o f  p h e n o x a t h i i n ( L )  in  200 m l.  of  e t h e r  was added 212 .8  g .
( 0 . 5 0  mole)  o f  a 1 5 .0 5 $  s o l u t i o n  o f  n—b u t y l l i t h i u m ( L X I )  i n  
hex an e ,  and th e  s o l u t i o n  was s t i r r e d  i n  a s e a l e d  a tm osphere  
o f  n i t r o g e n  f o r  30 h r .  The s o l u t i o n  was t h e n  poured  on a 
s l u r r y  of  s o l i d  c a r b o n  d i o x id e  i n  e t h e r ,  and th e  r e a c t i o n  was 
a l lo w e d  t o  s t a n d  u n t i l  a l l  t h e  s o l i d  c a rb o n  d i o x id e  and s o l v e n t  
had e v a p o r a t e d .  W ater  was added t o  t h e  r e s u l t i n g  r e s i d u e ,  
and th e  h e t e r o g e n e o u s  m ix tu r e  was r e s o l v e d  by f i l t r a t i o n .
The 1 2 .5  g .  o f  i n s o l u b l e  r e s i d u e  from th e  f i l t r a t i o n  
was r e c r y s t a l l i z e d  tw ice  from a c e to n e  t o  g iv e  3*5 g .  ( 1 .7 $ )  
o f  1+, 1+ *— d i p h e n o x a t h i i n y l  k e to n e (L V I) ,  m .p .  159—16I|° . Super— 
i m p o s a b i l i t y  o f  th e  i n f r a r e d  spec t rum  of  4. , Ij.1— d i p h e n o x a t h i i n y l  
ke to n e (L V I)  w i t h  t h a t  o f  an  a u t h e n t i c  sample p r e p a r e d  from 
th e  r e a c t i o n  o f  ij—p h e n o x a t h i i n y l l i t h i u m ( L I )  and l i t h i u m  L}.—
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p h e n o x a t h i i n c a r b o x y l a t e  (LIV) and th e  m ix tu r e  m e l t i n g  p o i n t  
o f  th e  two s o l i d s  showed t h a t  th e  compounds were i d e n t i c a l .
E v a p o r a t i o n  o f  th e  a c e to n e  gave a s t i c k y  s o l i d  which  
a f t e r  t r i t u r a t i o n  w i t h  c o ld  p e t r o l e u m  e t h e r  and r e c r y s t a l - -  
l i z a t i o n  from m ethy l  a l c o h o l  gave 2 .5  g .  of  r e c o v e r e d  phenox— 
a t h l i n ( L ) ,  m.p.  5^—5 6 ° .  S u p e r i m p o s a b i l i t y  o f  th e  i n f r a r e d  
spec t rum  of  th e  r e c o v e r e d  p h e n o x a t h i i n ( L )  w i t h  t h a t  of  th e  
s t a r t i n g  phenoxa t h i  i n  (I.) and th e  m ix tu r e  m e l t i n g  p o i n t  of  
t h e  two s o l i d s  showed t h a t  th e  compounds were i d e n t i c a l .
The o r i g i n a l  aqueous f i l t r a t e  was e x t r a c t e d  w i t h  
200 m l.  o f  e t h e r ,  and e v a p o r a t i o n  of  th e  e t h e r  from th e  
e x t r a c t  gave on ly  a t r a c e  o f  impure if—phenoxa t h i i n c a r b o x y l i c  
a c i d ( L I I ) .  A 5% s o l u t i o n  o f  h y d r o c h l o r i c  a c i d  was added t o  
th e  aqueous phase  c a u s i n g  th e  p r e c i p i t a t i o n  o f  8 2 .5  g .  o f  
impure Ij.—phenoxa t h i i n c a r b o x y l i c  a c i d ( L I I ) ,  m .p .  1 ^ 5 -1 6 0 ° .  
R e c r y s t a l l i z a t i o n  from g l a c i a l  a c e t i c  a c i d  gave i n  two c ro p s  
6 8 .1  g .  ( 5 6 .0  %) o f  Ip—phenoxa t h i i n c a r b o x y l i c  a c i d ( L I I ) ,  m .p .  
1 6 7 -17 1 ° .
In  o r d e r  t o  d e te rm in e  w h e th e r  th e  I j . ,V -d ip h e n o x a — 
t h i i n y l  k e tone (LV I)  co u ld  have been  formed by a r e a c t i o n  o f  
ip—p h e n o x a t h i i n y l l i t h i u m  (LI)  w i t h  c a r b o n  d io x id e  p r e s e n t  in  
th e  a i r ,  t h e  f o l l o w i n g  e x p e r im e n t  was r u n .  To a s o l u t i o n  
o f  1 0 .0  g .  ( 0 .0 5  mole)  o f  p h e n o x a t h i i n ( L )  i n  100 ml.  of  an­
hydro us  e t h e r  was added 2 1 .3  g .  ( 0 .0 5  mole)  of  a 1 5 .05$  
n—b u t y l l i t h i u m ( X L I )  i n  hexane s o l u t i o n ,  and th e  r e s u l t a n t  
s o l u t i o n  s t i r r e d  f o r  21+ h r .  a t  room t e m p e r a t u r e  w i t h  a 
m agn e t ic  s t i r r e r  i n  a s e a l e d  sys tem u n d e r  n i t r o g e n .
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The s o l u t i o n  wss t h e n  s lo w ly  poured  i n t o  200 m l .  of  w a t e r .
A q u a n t i t a t i v e  r e c o v e r y  of  p h e n o x a t h i i n ( L ) , m .p .  5^—56° was 
o b t a in e d  by s a l t i n g  i t  ou t  of  th e  aqueous phase  w i t h  sodium 
c h l o r i d e  i n t o  th e  e t h e r  phase  f o l lo w e d  by s e p a r a t i o n ,  and 
e v a p o r a t i o n  of  e t h e r  p h a s e .  S u p e r i m p o s a b i l i t y  of  th e  i n f r a ­
red  sp ec t ru m  of th e  r e o o v e r e d  p h e n o x a t h i i n ( L )  w i t h  t h a t  of  
the  s t a r t i n g  p h e n o x a t h i i n ( L )  and th e  m ix t u r e  m e l t i n g  p o i n t  
of  th e  two s o l i d s  showed t h a t  t h e  compounds were i d e n t i c a l .
In o r d e r  t o  d e te rm in e  w h e th e r  th e  If-A' —d iphenoxa— 
t h i i n y l  ke tone (L V I)  cou ld  have been  formed by a c o m b in a t io n  
of  2 m o le c u le s  o f  l i t h i u m  Ij—p h e n o x a t h i i n c a r b o x y l a t e  (LIV) , 
a t e t r a h y d r o f u r a n  s o l u t i o n  o f  9 . 2  g .  o f  l i t h i u m  Lp-phenoxa— 
t h i i n c a r b o x y l a t e ( L I V ) , p r e p a r e d  by a d d in g  1 e q u i v a l e n t  of  a 
15% n - b u t y l l i t h i u m ( X L I )  i n  hexane  s o l u t i o n  t o  1 e q u i v a l e n t  
of pure  ip-phenoxa t h i i n c a r b o x y l i c  a c i d ( L I I ) ,  was h e a t e d  u nd e r  
re f lu x :  f o r  25 h r .  On w o rk in g  up th e  m ix t u r e  a s  d e s c r i b e d  
above ,  a q u a n t i t a t i v e  y i e l d  of Ip-phenoxa t h i i n c a r b o x y l i c  a c id  
( L I I )  was o b t a i n e d .  S u p e r i m p o s a b i l i t y  of  th e  i n f r a r e d  
spec t rum  of  Ip-phenoxa t h i i n c a r b o x y l i c  a c i d  ( L I I )  w i t h  t h a t  of 
an a u t h e n t i c  sample p r e p a r e d  from th e  r e a c t i o n  o f  phenoxa— 
t h i i n ( L )  and n - b u t y l l i t h i u m ( X L I )  and th e  m ix tu r e  m e l t i n g  
p o i n t  o f  th e  two s o l i d s  showed t h a t  th e  compounds were 
i d e n t i c a l .
In  o r d e r  to  d e te rm in e  t h a t  4 , Ip1— d i p h e n o x a t h i i n y l  
k e to n e  (LVI) was formed by t h e  r e a c t i o n  of Ip-phenoxa t h i i n y l — 
l i t h i u m  (LI)  w i t h  a l i m i t e d  amount o f  c a rb o n  d i o x i d e ,  t h e  
f o l l o w i n g  e x p e r im e n t  was p e r f o r m e d .  A s o l u t i o n  o f  1 0 .0  g .  
(0 .0 5  mole)  o f  p h e n o x a t h i i n ( L )  i n  100 m l .  of anhydrous  e t h e r
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was s t i r r e d  f o r  20 h r .  u nd e r  a s e a l e d  n i t r o g e n  a tm osphere  w i t h  
2 1 .3  g .  (0 .0 5  mole) of  a 1 5 .0 5 ^  s o l u t i o n  o f  n - b u t y l l i t h i u m ( X L I )  
in  h e x a n e .  Carbon d io x id e  was t h e n  bub b led  th r o u g h  the  
s o l u t i o n  t o  g ive  a y e l lo w  s o l i d .  The s o l v e n t s  were s e p a r a t e d  
and e v a p o r a t e d  t o  l e a v e  an o i l  a s  r e s i d u e .  The o i l  c r y s t a l ­
l i z e d  upon t r i t u r a t i o n  w i t h  co ld  p e t r o le u m  e t h e r .  The s o l i d  
was h e a t e d  w i t h  p e t r o le u m  e t h e r  and i s o l a t e d  by f i l t r a t i o n .
The f i l t r a t e  was a l lo w ed  t o  e v a p o r a t e  t o  g iv e  2 .1  g .  o f  
s t a r t i n g  p h e n o x a t h i i n ( L ) , m .p .  53—55°• The 2 .3  g .  o f  r e s i d u e  
was r e c r y s t a l l i z e d  from a c e to n e  t o  g iv e  on ly  t r a c e s  o f  impure 
k e to n e ( L V I ) .  E v a p o r a t i o n  o f  t h e  a c e to n e  gave 1 .5  g .  of  
s t a r t i n g  p h e n o x a t h i i n ( L ) , m .p .  5 2 - 5 ^ ° .
P r e p a r a t i o n  of  lu  It1—D i p h e n o x a t h i i n y l  Ketone (L V I) .
To 1 0 .0  g .  (0 .0 5  mole)  o f  ij.—p h e n o x a t h i i n y l l i t h i u m  (LI)  — 
c a l c u l a t e d  on th e  b a s i s  o f  a 70$ y i e l d  f o r  m o n o m e ta la t io n  —, 
in  100  m l .  o f  anhydrous  e t h e r  was added 8 .3  g .  ( 0 .0 3 7  mole) 
o f  l i t h i u m  l|—p h e n o x a t h i i n c a r b o x y l a t e  (LIV ), p r e p a r e d  by 
ad d in g  1 e q u i v a l e n t  of  n—b u t y l l i t h i u m ( X L I )  t o  1 e q u i v a l e n t  
of  i|—phenoxa t h i i n c a r b o x y l i c  a c i d  (L I I )  In  200 m l.  o f  anhy­
d rous  e t h e r .  The m ix tu re  was h e a t e d  u n d e r  r e f l u x  i n  a 
s e a l e d  n i t r o g e n  a tm osphere  f o r  20 h r .  The r e a c t i o n  m ix tu re  
was f i l t e r e d ,  and th e  s o l v e n t  was a l lo w ed  t o  e v a p o r a t e d  from 
th e  f i l t r a t e  t o  g ive  1 .0  g .  (6 . 1).%) of  impure d iphenoxa—
t h i i n y l  ke ton e  (LVI), m .p .  153—I 6I4.0 . R e c r y s t a l l i z a t i o n  o f  
th e  impure ke tone  from a c e to n e  gave 0 .2  g .  of  pure  compound, 
m .p .  163—166° .  The r e s i d u e  from f i l t r a t i o n  of  t h e  r e a c t i o n  
m ix tu re  was s o l u b l e  i n  w a t e r  and upon a c i d i f i c a t i o n  w i t h  5$
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h y d r o c h l o r i c  a c i d  p r e c i p i t a t e d  Ij.—p h e n o x a t h i i n c a r b o x y l i c  
a c i d  ( L I I ) .
The Ij-j^'—d i p h e n o x a t h i i n y l  k e to n e  (LVI) p r e p a r e d  as  
above gave an i n f r a r e d  spec t rum  i d e n t i c a l  w i t h  t h a t  o f  t h e  
Ij.,Ip*—d i p h e n o x a t h i i n y l  ke to n e  (LVI) formed i n  th e  r e a c t i o n  o f  
p h e n o x a t h i i n ( L )  w i t h  1 e q u i v a l e n t  of  n—b u t y l l i t h i u m ( L X I ) . 
Moreover ,  a m ix tu r e  m e l t i n g  p o i n t  o f  t h e  two m el ted  a t  163— 
166° .  The compound gave a p o s i t i v e  2,Ip—d i n i t  ro p h e n y lh y d r a — 
z in e  t e s t  i n  d im e th y l  s u l f o x i d e .
■Anal. C a lc d .  f o r  C25Hllj.03s 2 ; c » 70 . l j . l j  H, 3«31.  
Found: C, 7 0 .5 8 ;  H, 3 - 5 7 .
I n f r a r e d  Spectrum (Model 137—B, No. 5525): 3 0 0 0 (sh ,  
b r o a d ) ,  I660(m ),  l 6 0 0 (m ) ,  llj.8 0 (m), l ]p 5 0 (sh ) ,  l l j .20(s) ,
1 2 9 0 (w),  1 27 5 (m), 1220(m, b r o a d ) ,  l l 6 0 (w), 1130(w),  1120(w),  
10 7 5 (m, b r o a d ) ,  1025(w),  9 8 5 ( a ) ,  9lj-5(m), 9l+0(w), 9 l 5 ( w ) ,  
8 9 0 ( s h ) ,  8 7 5 ( a ) ,  850(w, b r o a d ) ,  825(m),  8 l0 (m ) ,  780(m), 
7 5 0 ( a ) ,  71+0 ( a ) ,  7 3 0 ( a ) ,  7 2 0 ( s h ) ,  675 (m).
CHOlo
U l t r r . v i o l e t  Spec trum :  A 279 ( lo g  € ip.09)>
max
345 (log €3.35).
P r e p a r a t i o n  o f  Q lv c ln e  E t h y l  E s t e r  H y d ro c h lo r id e  
(LXXV). A s o l u t i o n  of  2 0 .0  g .  (0 .2 7  mole) o f  g ly c in e  
( I X I I I )  i n  200 m l .  o f  a b s o l u t e  a l c o h o l  was s a t u r a t e d  w i th  
h ydrogen  c h l o r i d e  and th e  m ix tu r e  was h e a t e d  u nd e r  r e f l u x  
f o r  12 h r .  On c o o l i n g  th e  s o l u t i o n ,  a d a r k  s o l i d  p r e c i p i ­
t a t e d .  Two r e c r y s t a l l i z a t i o n s  o f  t h e  s o l i d  from a b s o l u t e  
e t h y l  a l c o h o l  gave 6 .0  g .  ( 1 5 .9 $ )  of  p u re  g l y c i n e  e t h y l
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e s t e r  h y d r o o h l o r i d e  (LXXV), m .p .  lLj-3—lij 6° ; L i t .  ( 6 1 ) ,  m .p .  
11+2- 1^5" .
I n f r a r e d  Spectrum (Model 137—B, No. 1 6 1 5 ) :  3500(w),
3 0 0 0 ( s ,  b r o a d ) ,  2 7 0 0 ( h ) ,  17 l].0 ( s ) ,  l 5 9 0 (m ) ,  l5 5 0 (m ) ,  l 5 0 0 ( s ) ,  
l l ;50(m ),  ll4.1 0 ( s ) ,  1 3 8 0 ( s ) ,  1 2 5 0 ( a ) ,  l l l*0 (m), 1 1 0 0 (m),
1 0 5 0 ( a ) ,  1 0 0 0 (m), 9 1 0 ( s ) ,  8 6 0 ( a ) ,  8 2 0 (m), 720(w, b r o a d ) .
P r e p a r a t i o n  o f  Q ly c in e  E t h y l  E s t e r .  A s o l u t i o n  of
5 .0  g .  (0 .0 3 6  mole)  o f  g l y c i n e  e t h y l  e s t e r  h y d r o c h l o r i d e  
(LXXV) i n  2 . 5  m l .  o f  w a t e r  was c o o le d  t o  0nC and 2 . 0  m l.  of  
e t h e r  were a d d ed .  To t h i s  was added 8 m l .  o f  a 33$ sodium
h y d ro x id e  s o l u t i o n  a l s o  a t  ( f , and th e  m ix tu r e  was 3 t i r r e d
f o r  0 .2 5  h r .  P o ta s s iu m  c a r b o n a t e  and ba r ium  oxide  were t h e n  
added t h i c k e n i n g  t h e  w a t e r  l a y e r  t o  a p a s t e  which  was r e ­
moved by f i l t r a t i o n .  A f t e r  e x t r a c t i n g  th e  f i l t r a t e  s e v e r a l  
t im e s  w i t h  e t h e r ,  t h e  combined e t h e r  e x t r a c t s  were p la c e d
on a f l a s h  e v a p o r a t o r ,  and th e  s o l v e n t  was removed u nd e r
red u ced  p r e s s u r e  t o  g ive  1 .0  g . (2 7 . 2$) o f  pure  g l y c i n e  
e t h y l  e s t e r  as  r e s i d u e .
I n f r a r e d  Spectrum (Model 137—3, No. 17 23 ) :  3 5 0 0 ( 3 ) ,
3 0 0 0 ( s ) ,  17l4.0(s), 1 5 9 0 (m), 1 5 2 0 ( s ) , llj.5 0 (m), lLf2 0 (m),
I 38 O(m),  1 3 5 0 (w), 1 3 0 0 ( s h ) ,  1 2 5 0 ( s h ) ,  1 2 0 0 ( s ,  b r o a d ) ,
112 0 (w) ,  1100(m),  lC 6 0 (m), 1030(m),  960(m),  8 8 0 (w), 86o(w).
A t tem pted  P r e p a r a t i o n  of  E t h y l  N—(ii—P h e n o x a t h l l n -  
c a r b o n v l ) g i v e i n a t a . A s o l u t i o n  o f  3 . 0  g .  (1 2 .3  mmoles) o f
I4.—p h e n o x a t h i i n c a r b o x y l i c  a c i d  ( L I I )  in  20 m l.  of  t h i o n y l  
c h l o r i d e  was h e e t e d  u n d e r  r e f l u x  f o r  2 h r .  E x cess  t h i o n y l
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c h l o r i d e  was removed by d i s t i l l a t i o n  t o  l e a v e  2 .8  g .  (8 6 .5 $ )  
o f  impure If—phenoxa t h i i n c a r b o x y l i c  a c i d  c h l o r i d e ( L X I I )  as  
r e s i d u e .  Two r e c r y s t a l l i z a t i o n s  o f  th e  c rude  p r o d u c t  from 
p e t r o le u m  e t h e r  gave 1 .3  g .  (If0.3$) o f  pure  If—phenoxa t h i  i n — 
c a r b o x y l i c  a c i d  c h l o r i d e  ( L X I I ) , m .p .  79—81 ° .  A B e i l s t e i n  
t e s t  was p o s i t i v e  f o r  h a lo g e n .
I n f r a r e d  Spectrum (Model 137—B, No. 2 7 6 8 ) :  1 7 7 0 ( s ) ,
l5 9 0 (m ) ,  l5 7 0 (m ) ,  l ^ O f m ) ,  l l f 2 0 ( s ) ,  1 2 75 (m), 1220(m),
1 2 1 0 (w), l l 8 0 (m), l l 6 0 (m), 1120(m), 1095(w),  1020(w),  960(w),  
91+0(s ) ,  8 7 5 (w) ,  850(w),  8 l0 (m ) ,  790(m), 7 5 5 ( s ) ,  730(m), 
6 7 5 ( a ) .
To a s o l u t i o n  o f  2 . 5  g .  (0 .0 1  mole)  o f  If—phenoxa— 
t h i i n c a r b o x y l i c  a c i d  c h l o r i d e ( L X I I ) , a s  p r e p a r e d  above ,  i n  
25  m l .  o f  anhydrous  benzene  was added 5 ml.  o f  anhydrous  
p y r i d i n e .  .An immediate  p r e c i p i t a t i o n  o f  th e  p y r id in lu m  s a l t  
r e s u l t e d ;  th e  s o l i d  gave a p o s i t i v e  B e i l s t e i n  t e s t  f o r  
h a lo g e n  and was s o l u b l e  i n  w a t e r .  To t h i s  m ix tu r e  was added
1 . 0  g .  ( 0 .0 1  mole) o f  g l y c i n e  e t h y l  e s t e r ,  a s  p r e p a r e d  
a bove ,  and on s t i r r i n g  f o r  If h r .  a c l e a r  s o l u t i o n  r e s u l t e d .
A brown v i s c o u s  l i q u i d  r e s i d u e  was l e f t  a f t e r  removal  of  the  
s o l v e n t  by f l a s h  d i s t i l l a t i o n  u n d e r  reduced  p r e s s u r e .  The 
r e s i d u e  was shaken  w i t h  a w a t e r  and e t h e r  m i x t u r e .  The 
e t h e r  l a y e r  was s e p a r a t e d ,  and 1+0 m l .  o f  hexane were added 
t o  cause  t h e  p r e c i p i t a t i o n  o f  th e  p r o d u c t .  On r e c r y s t a l l i — 
z a t l o n  o n ly  If—p h e n o x a t h i i n c a r b o x y l i c  a c i d ( L I I )  was o b t a i n e d .  
S u p e r i m p o s a b i l i t y  o f  t h e  i n f r a r e d  spec t rum  o f  th e  l;~phenoxa— 
t h i i n c a r b o x y l i c  a c i d ( L I I )  w i t h  t h a t  o f  an a u t h e n t i c  sample 
p r e p a r e d  from th e  r e a c t i o n  o f  p h e n o x a t h i i n ( L )  and n—b u t y l —
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l i t h i u m ( X L l )  and th e  m ix t u r e  m e l t i n g  p o i n t  o f  t h e  owo s o l i d s  
showed t h a t  th e  compounds w ere  i d e n t i c a l .
P r e p a r a t i o n  o f  N— (li—f h e n o x a t h i i n c a r b o n v l ) g l y o l n e  
(LXVl). A s o l u t i o n  of  0 .9 2  g .  ( 1 2 .3  mmoles) of  g l y c i n e  
( L X I I I ) ,  9 . 6  g. (2l|..6 mmoles) of  a 10$ sodium h y d ro x id e  
s o l u t i o n ,  and 2 . 8  g .  ( 1 0 .6  mmoles) o f  ij.—p h e n o x a t h i i n c a r b o x y l i c  
a c i d  c h l o r i d e ( L A l i )  was s t i r r e d  f o r  0 .2 5  h r .  On s t a n d i n g  a 
brown s o l i d  p r e c i p i t a t e d  from th e  s o l u t i o n .  The s o l i d  was 
removed by f i l t r a t i o n  and d i s s o l v e d  i n  75 ml.  o f  w a t e r .  
A c i d i f i c a t i o n  o f  th e  f i l t r a t e  w i t h  5$ h y d r o c h l o r i c  a c i d  gave 
2,lj. g . o f  p r e c i p i t a t e ,  m .p .  11+0—180 ° .  A f t e r  w ash ing  th e  
s o l i d  s e v e r a l  t im e s  w i t h  100 ml.  p o r t i o n s  of e t h e r  t o  remove 
any s t a r t i n g  If—p h e n o x a t h i i n c a r b o x y l i c  a c i d  c h l o r i d e ( L X I I )  
and th e  h y d r o l y s i s  p r o d u c t ( L I I ) , t h e  r e s i d u e  was r e c r y s t a l — 
l i z e d  tw ic e  from m e th y l  a l c o h o l  w i t h  N o r i t  t r e a t m e n t  t o  
g iv e  0 . 5  g .  (15*7$) o f  N—(1+—phenoxa t h i  i n c a r b o n y l )  g l y c i n e  
(LAV), m .p .  2 2 0 . 5 - 2 2 2 . 5 ° .
A n a l . *  C a lc d . f o r  C - ^ ^ q NOS^: C, 5 9 - 7 8 ;  H, 3 .6 8
Pound:  C, 5 9 .5 8 ;  H, 3 . 6 3 .
I n f r a r e d  Spectrum (Model 137—B, No. 191+5) 2 3^5o(m),  
3000 (m), 171+0 ( s h ) ,  1 7 2 0 ( a ) ,  1 6 2 0 ( a ) ,  1 5 2 0 ( a ) ,  1^70 (m), 
l i f20 ' (s )', 1 3 l0 ( w ) ,  1275(m),  1 2 2 5 ( a ) ,  l l 6 o ( w ) ,  1130(w),
1100(m),  1095 (w ) ,  1 0 2 0 ( w ) ,  9 7 5 (w), 95o(w) ,  925(w ) ,  890(w),  
8 6 o ( s , b r o a d ) ,  8 2 0 (w),  8 l 0 ( w ) ,  770(m),  7 5 5 ( b ) ,  7 3 0 ( w ) ,
7 2 0 (w),  6 7 5 ( v ) .
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P r e p a r a t i o n  of  N—(4—P h e n o x a t h i i n c a r b o n v l ) — b (—)—p r o l i n e  
(bAVI). A s o l u t i o n  of  3 . 0  g .  ( 1 1 .4  mmoles) o f  4” phenoxa— 
t h i i n c a r b o x y l i c  a o id  c h l o r i d e  (h.x.11), 1 .3 1  g .  ( 1 1 .4  mmoles) 
o f  L ( - ) - p r o l l n e ( L A l V ) ,  and 2 3 .0  g .  ( 2 2 .3  mmoles) o f  a \\% 
sodium h y d ro x id e  s o l u t i o n  was s t i r r e d  f o r  3 h r .  and the  
p r o d u c t  was p r e c i p i t a t e d  by th e  a d d i t i o n  o f  IN h y d r o c h l o r i c  
a c i d .  R e c r y s t a l l i z a t i o n  o f  th e  p r o d u c t  was a t t e m p te d  from 
v a r i o u s  s o l v e n t s ,  b u t  a l l  a t t e m p t s  gave an o i l  on c o o l i n g .
The o il  from the attempted recrystallization with 95% ethyl 
alcohol was tri turated with cold ligroin (66—75°) to give 
0.31 g. (7.8$) 0 i  N— (If.—phenoxathiincarbonyl)-L(—)—proline 
(laVi), m.p. 110—114° (dec.;.
Anal. Calcd. for C^ qH^NO^S: C, 63 • 335 H, 1}..2+3•
Pound: C, 6l.lj.5j H, 4.33.
I n f r a r e d  Spectrum (Model 137—B, No. 6 9 2 3 ) :  3450(m),
1 7 2 0 ( a ) ,  1 6 2 0 ( s h ) ,  I 6 0 0 ( a ,  b r o a d ) ,  l47C(m),  I 4 5 0 ( s h ) ,
1 4 2 0 ( a ) ,  12 7 5 (h ) ,  1250(m), 1220(m), 1 1 3 0 ( s h ) ,  1100(m),
1 0 9 5 (m), 1020(m), 9 7 5 (h ) ,  9 * 5 (m), 8 2 5 (w), 8 l0 (m ) ,  7 5 5 ( s ,  
b r o a d ) ,  7 0 0 ( h ) ,  675(m).
R e a c t io n  of  P h e n o x a t h i l n ( h )  w i t h  Tao E q u i v a l e n t s  of 
n—B u t v l l i t h l u m ( X i i I ) . F o l lo w in g  a m o d i f i c a t i o n  o f  th e  p r o ­
c ed u re  o f  Oilman (4l)> a s o l u t i o n  o f  2 0 .0  g .  ( 0 . 1  mole) of 
p h e n o x a t h i i n ( L )  i n  200 m l.  of a nhydrous  e t h e r  was t r e a t e d  
w i t h  84.7 g .  (0.20 mole) o f  a 15.06% n - b u t y l l i t h i u m ( A L l )  i n  
hexane s o l u t i o n .  The s o l u t i o n  was h e a t e d  unde r  r e f l u x  f o r  
44 h r .  i n  a s e a l e d  n i t r o g e n  a tm o sp h e re .  The r e a c t i o n  mix­
t u r e  was t h e n  poured  onto  a s l u r r y  o f  c a rb o n  d io x id e  i n
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e t h e r .  A f t e r  a l l  t h e  s o l i d  c a rb o n  d i o x i d e  and e t h e r  had 
e v a p o r a t e d ,  th e  r e s i d u e  was p u l v e r i z e d ,  t a k e n  up i n  w a t e r ,  
and a c i d i f i e d  w i t h  5$ h y d r o c h l o r i c  a c i d  c a u s i n g  th e  p r e c i p i t a ­
t i o n  o f  2 3 .2  g .  o f  a c i d i c  p r o d u c t ,  m .p .  11*0—2 70 ° .  The 
p r o d u c t  was e x t r a c t e d  w i t h  1 1 .  o f  h o t  benzene  t o  l e a v e  1 1 .2  
g .  o f  a c i d i c  r e s i d u e ,  m .p .  220—2 8 0° .  E v a p o r a t i o n  o f  th e  
benzene gave 1 0 .8  g .  (1*1*.1*$) o f  impure 1*—phenoxa t h i i n c a r ­
b o x y l i c  a c i d ( L I I ) .
Ihe 1 1 .2  g .  o f  a c i d i c  r e s i d u e  was d i s s o l v e d  i n  10$ 
sodium h y d r o x i d e ,  and the  s o l u t i o n  was a c i d i f i e d  w i t h  g l a c i a l  
a c e t i c  a c i d  t o  p r e c i p i t a t e  I4..0 g .  of  a c i d i c  p r o d u c t ,  m.p.  
290—31*0°. The f i l t r a t e  was a c i d i f i e d  w i t h  10$ h y d r o c h l o r i c  
a c i d  t o  y i e l d  5 . 3  g .  o f  a c i d i c  p r o d u c t ,  m .p .  225—21*0°.
Ihe a c i d i c  compound- p r e c i p i t a t e d  w i t h  g l a c i a l  a c e t i c  
a c i d  was r e c r y s t a l l i z e d  from 2—b u ta n o n e  and g l a c i a l  a c e t i c  
a c i d  (1 :1 )  t o  y i e l d  a p r o d u c t ,  m .p .  3l*5—35E>° • A d d i t i o n  o f  
w a t e r  t o  t h e  r e c r y s t a l l i z a t i o n  medium y i e l d e d  a s o l i d ,  m .p .  
220- 21*0° .
A l l  s o l i d s  h a v in g  m e l t i n g  p o i n t s  o f  l e s s  t h a n  21*0° 
were  combined and h e a t e d  w i t h  g l a c i a l  a c e t i c  a c i d  and the  
m ix t u r e s  were f i l t e r e d .  The r e s i d u e  gave a p r o d u o t ,  m .p .
31*0—3 5 2 ° .  The f i l t r a t e  on c o o l i n g  d e p o s i t e d  a s o l i d ,  m.p . 
250—2 7 0° .  A d d i t i o n  o f  w a t e r  caused  f u r t h e r  p r e c i p i t a t i o n  
o f  a compound, m .p .  230—21*0°.
A l l  s o l i d s  o f  m e l t i n g  p o i n t  l e s s  t h a n  270° were 
combined and r e c r y s t a l l i z e d  from 95$ e t h y l  a l c o h o l  t o  y i e l d
1 .0  g .  (3.1*7$) o f  l * , 6 - p h e n o x a t h i i n d l c a r b o x y l l c  a c id (L X V IIa ) ,
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m .p .  2 7 0 -2 7 3 ° ;  L i t .  (1+1), m .p .  2 6 6 -2 6 7 ° .
I °A l l  s o l i d s  of  m e l t i n g  p o i n t  g r e a t e r  th a n  3 i|0  were 
combined and r e c r y s t a l l i z e d  from e t h y l  c e l l o s o l v e  t o  y i e l d
1 .2  g .  (3 .5 k f° )  o f  1 , 6 —p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIIIa) ,  
m .p .  350—355° ( d e c . ) ;  L i t .  (l+l) ,  m .p .  351—353° ( d e c . ) .
This p r o c e d u r e  was,  and m o d i f i c a t i o n s  of  i t  w e re ,  
c a r r i e d  o u t  s e v e r a l  t im e s  t o  o b t a i n  t h e  two pure  phenoxa— 
t h i i n d i c a r b o x y l i c  a c i d s ,  LXVIIa and LXVIIIa ,  in  a p p r o x im a te ly  
t h e  same y i e l d s  a s  t h o s e  r e p o r t e d  a bo ve .  One p r e p a r a t i o n  
gave on benzene  e x t r a c t i o n  o f  th e  if.—phenoxa t h i i n c a r b o x v l i c  
a c i d ( L I I ) ,  a r e s i d u e ,  m .p .  325—3 ^ 0 ° .  Using th e  above p ro ­
c e d u r e ,  s e p a r a t i o n  y i e l d e d  1 , 6—p h e n o x a t h i i n d i c a r b o x y l i c  
a c i d  (LXVIIa),  (3# ) .
A l t e r n a t e  p r o c e d u r e s  used t o  s e p a r a t e  t h e  d i c a r b o x y l i c  
a c i d s :  P ro c e d u re  A — D ur ing  th e  p r e p a r a t i o n s  o f  the
e s t e r s  o f  L)., 6—phenoxa t h i i n d i c a r b  o x y l i c  ac id (L X V IIa)  and 1 , 6 — 
p h e n o x a t h i i n d i c a r b o x y l i c  a c i d ( L X V I I I a ) by way of  t h e i r  a c i d  
c h l o r i d e s ,  see be low ,  i t  was found t h a t  I4. , 6—p h e n o x a t h i i n d i — 
c a r b o x y l i c  a c i d  (LXVIIa) underw en t  r e a c t i o n  a t  a f a s t e r  r a t e  
w i t h  t h i o n y l  c h l o r i d e  t h a n  d id  1 , 6—p h e n o x a t h i i n d i c a r b o x y l i c  
a c i d ( L X V I I I a ) .  A c c o r d i n g l y ,  a s e p a r a t i o n  u s i n g  t h i s  r e a c ­
t i o n  was t r i e d .  A f t e r  rem ova l  o f  the  I).—p h e n o x a t h i i n c a r — 
b o x y l i c  a c i d ( L I I )  from th e  m ix tu r e  of  a c i d s  by way of 
benzene  e x t r a c t i o n  i n  a S o x h l e t  e x t r a c t o r ,  t h e  r e s i d u e  was 
t r e a t e d  w i t h  t h i o n y l  c h l o r i d e .  At 0 . 5  h r .  i n t e r v a l s  th e  
r e a c t i o n  m ix tu r e  was f i l t e r e d  and th e  i n s o l u b l e  r e s i d u e  was 
a g a i n  t r e a t e d  w i t h  t h i o n y l  c h l o r i d e .  This p ro c e d u re  was 
r e p e a t e d  up t o  3 b r .  u n t i l  a l l  t h e  d i c a r b o x y l i c  a c i d s  had
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gone I n t o  s o l u t i o n .  The f i l t r a t e  a t  e ac h  i n t e r v a l  was con­
c e n t r a t e d  by f l a s h  d i s t i l l a t i o n  unde r  reduced  p r e s s u r e ,  and 
th e  r e s i d u e  was s t i r r e d  w i t h  a 10$ sodium h y d ro x id e  s o l u t i o n .  
A c i d i f i c a t i o n  of  th e  s o l u t i o n s  w i t h  5$ h y d r o c h l o r i c  a c i d  
gave th e  impure d i c a r b o x y l i c  a c i d s .  R e c r y s t a l l i z a t i o n  of 
th e  p r o d u c t s  of m e l t i n g  p o i n t  l e s s  th a n  280° and th o se  of  
more th a n  300° gave from [{.0 .0  g .  (0 .2 0  mole) o f  phenoxa— 
t h i i n ( L ) ,  1 .1  g . (]. .9%) o f  J4., 6—phenoxa t h i  I n c a r b o x y l  ic  a c i d  
(LXVIIa), m .p .  270-273° and 2 .1  g .  (3*6/0 o f  1 , 6 —phenoxa— 
t h i i n d i c a r b o x y l i c  a c id ( L X V I I I a ) ,  m .p .  350-355° ( d e c . ) .
P ro c ed u re  B — S ince  If, 6-phenoxa  t h i i n d i c a r b o x y l i c  
a c id (LX V IIa)  i s  more s o l u b l e  in  N—e t h y l  a n i l i n e  t h a n  i s  1 , 6 — 
ph.enoxa t h i i n d i c a r b  o x y l i c  ac id  (LXVIIIa) ,  a s e p a r a t i o n  u s in g  
t h i s  p r o p e r t y  was a t t e m p t e d .  A f t e r  removal  of th e  !{.—phenox— 
a t h i i n c a r b o x y l i c  a c i d ( L I I )  a s  above,  th e  r e s i d u e  was s t i r r e d  
w i t h  N - e t h y l  a n i l i n e .  Impure 1 , 6—p h e n o x a t h i i n d i c a r b o x y l i c  
a c i d ( L X V I I I a ) was I s o l a t e d  a s  a r e s i d u a  by f i l t r a t i o n .  
A c i d i f i c a t i o n  o f  the  N—e t h y l  a n i l i n e  s o l u t i o n  y i e l d e d  impure 
[{.,6—phenoxa t h i i n d i c a r b  o x y l i c  a c i d  (LXVIIa) .  R e c r y s t a l l i z a t i o n  
o f  th e  impure 1 , 6—phenoxa t h i i n d i c a r b o x y l i c  ac id  (LXVIIIa ) 
gave a p p ro x im a te ly  a 9% y i e l d  o f  p r o d u c t ,  m.p .  3U-5—350° 
( d e c . ) .  R e c r y s t a l l i z a t i o n  of  th e  impure [{., 6—phenoxa t h i  i n — 
d i c a r b o x y l i c  ac id (LX V IIa)  gave a p p r o x i m a t e ly  a i\.% y i e l d  of  
impure p r o d u c t ,  m .p .  250—265° ,  showing c a r b o x y l i c  a c i d  bands 
a s  w e l l  a s  s l i g h t  amide bands in  th e  i n f r a r e d  sp e c t ru m .
P ro ced u re  C — The use of a h i g h e r  r e a c t i o n  tem pera ­
t u r e  was t r i e d  t o  g e t  a l a r g e r  r a t i o  of  d i c a r b o x y l i c  a c i d s  
t o  monoc'arboxylic  a c i d .  Hexane was used in  p l a c e  of th e  
e t h e r  as  s o l v e n t  t o  y i e l d  a p p r o x im a te ly  th e  same r a t i o  of
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p r o d u c t s  as  o b ta in e d  by th e  main p r o c e d u r e ,
A n a l . Ga lcd .  f o r  C^HgO^S (1+, 6-phenoxa  t h i  i n d i e  a r — 
b o x y l i c  a c id (L X V IIa ) :  C, 5 8 .3 3 ;  H, 2 . 8 0 .  Pound:  C, 5 8 . 3 3 ;
H, 2.1+9.
I n f r a r e d  Spectrum (Model 137—B, No. 61+58) — l+,6— 
phenoxa t h i i n d i c a r b  o x y l i c  a c id (LXVIIIa ) :  3l+00(m), 2900(m,
b r o a d ) ,  171+0 ( s ) ,  1 7 1 0 ( s ) ,  1 6 0 0 ( a ) ,  1 5 9 0 (w),  1 5 7 0 (w),
1 5 1 5 (w),  ll+7 0 (w), ll+6 o(m ) , ll+2 0 ( s ) , 11+10 (w), 1 3 2 5 ( a ) ,
1280  (m), 12 .1+0 (m), 1210  (m), l l 8 0 (m), l l 5 0 (w),  1 0 8 5 (m),
9 8 0 (w, b r o a d ) ,  9l+0 (m), 8 9 0 ( s ) ,  8 5 0 (w, b r o a d ) ,  8l 0 ( s ) ,
7 6 0 ( a ) ,  7 2 0 ( s ) ,  7 1 0 ( a h ) .
I n f r a r e d  Spectrum (Model 137—B, No. 3&76) — 1 , 6 — 
phenoxa t h i i n d i c a r b  o x y l i c  a c i d  (LXVIIIa ) :  3l+00(m, b r o a d ) ,
2900(m, b r o a d ) ,  l 6 7 0 ( s ) ,  l 6 5 0 ( s h ) ,  l 6 0 0 ( w ) ,  l 5 9 0 ( w ) ,
1 5 7 0 ( a h ) ,  I 5 l 5 ( a h ) ,  ll+6 0 (w), 11+10(m), 128o(m), 121+0(w), 
1 2 1 0 ( s h ) ,  l l 6 0 (m), l l l+0 (m), 1 0 8 0 (w), 1025(m, b ro ad > ,  98o(m), 
9 5 0 (m) ,  890(m), 8 5 0 (m), 8 1 0 ( a ) ,  7 5 5 ( a ) ,  7 5 0 ( b ) ,  720(m), 
7 0 0 ( a ) .
R e a c t io n  o f  Ph .en ox a th l in (L )  w i t h  Three E q u i v a l e n t s  
o f  n—B u t y l l l t h l u m ( X L I ) . To 2 0 .0  g .  ( 0 .1  mole) o f  phenoxa— 
t h i i n ( L )  d i s s o l v e d  i n  100 m l .  o f  anhydrous  e t h e r  was added 
1 2 6 .9  g .  ( 0 .3  mole) o f  a 1 5 .1 5 $  s o l u t i o n  o f  n - b u t y l l i t h l u m  
(XLI) i n  hexane ,  and th e  r e a c t i o n  m ix tu r e  was a l lo w ed  t o  
s t i r  a t  room t e m p e r a t u r e  u n d e r  a n i t r o g e n  a tm osphere  f o r  
20 h r .  F o l lo w in g  c a r b o x y l a t i o n  and a c i d i f i c a t i o n ,  a s  p r e ­
v i o u s l y  d e s c r i b e d ,  t h e r e  was o b t a i n e d  2 2 .5  g .  o f  a c i d i c  
p r o d u c t .  The acidic_ p r o d u c t  was h e a t e d  w i t h  s e v e r a l  250 ml.
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p o r t i o n s  o f  benzene and f i l t e r e d  u n t i l  th e  f i l t r a t e  was a 
p a le  y e l l o w  c o l o r .  The r e s i d u e  weighed %.)+ g .
The f i l t r a t e  was s u b j e c t e d  t o  f l a s h  d i s t i l l a t i o n  
u n d e r  r ed u ced  p r e s s u r e  t o  l e a v e  a r e s i d u e  which  on r e c r y s — 
t a l l i z a t i o n  from g l a c i a l  a c e t i c  a c i d  y i e l d e d  1 0 .2  g .  (I|1 . 8$) 
o f  If.—phenoxa t h i  i n c a r b o x y l  ic  a c i d ( L I I ) ,  m.p.  167—168° .  The 
i n f r a r e d  spec t rum  was su p e r im po sab le  w i t h  t h a t  o f  a u t h e n t i c  
J|—p h e n o x a t h i i n c a r b o x y l i c  a c i d ( L I I )  p r e p a r e d  by th e  r e a c t i o n  
o f  p h e n o x a t h i i n ( L )  w i t h  1 e q u i v a l e n t  o f  n—b u t y l l i t h i u m ( X L I ) .
The r e s i d u e  o f  5 . If- g .  was h e a t e d  u n d e r  r e f l u x  w i t h  
t h i o n y l  c h l o r i d e  f o r  3 h r .  Excess  t h i o n y l  c h l o r i d e  wa3 r e ­
moved by d i s t i l l a t i o n  t o  g ive  3*2 g .  of  p r o d u c t .  This was 
added t o  10 ml.  o f  anhydrous  p y r i d i n e  and 15  m l .  of  a b s o l u t e  
e t h y l  a l c o h o l  and th e  r e s u l t i n g  s o l u t i o n  was h e a t e d  und e r  
r e f l u x  f o r  20 min .  The s o l u t i o n  was poured  i n t o  50 ml. o f  
w a t e r  and was a l low ed  t o  s ta n d  f o r  2 d ay s ,  d u r i n g  which  t ime 
th e  p r e c i p i t a t i o n  o f  a w h i t e  s o l i d  o c c u r r e d .  The s o l i d  
i s o l a t e d  by f i l t r a t i o n  was 0 .5  g .  o f  r e s i d u e ,  m .p .  106—109° .  
The f i l t r a t e  was s u b j e c t e d  t o  f l a s h  d i s t i l l a t i o n  und e r  r e ­
duced p r e s s u r e  t o  l e a v e  a v i s c o u s  o i l y  r e s i d u e .  The o i l  was 
shaken  w i t h  5$ sodium hydrox id e  and e t h e r .  The e t h e r  phase  
was s e p a r a t e d  and e v a p o r a t e d  t o  g iv e  an impure p r o d u c t  which  
when r e c r y s t a l l i z e d  from e t h y l  a l c o h o l  gave a t r a c e  amount 
o f  a compound, m .p .  59 t 82° ,  whose i n f r a r e d  spec t ru m  was 
i d e n t i c a l  t o  t h a t  of  d i e t h y l  l\.>6—p h e n o x a t h i i n d i c a r b o x y l a t e  
(LXVIT.c) p r e p a r e d  from pure  ij.,6—p h e n o x a t h i l n d i c a r b o x y l i o  
a c i d  chlor ide(LXXXVI) , see below, and e t h y l  a l c o h o l .
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The 0 .5  g* o f  r e s i d u e ,  m .p .  106—109° ,  was r e c r y s t a l — 
l i z e d  tw ice  from e t h y l  a l c o h o l  and w a t e r  t o  g iv e  an a n a l y t ­
i c a l  sample o f  d i e t h y l  1 , 6—p h e n o x a t h i i n d i c a r b o x y l a t e ( L X V I I I c ) ,  
m .p .  1 1 0 . 5—112° ,  whose i n f r a r e d  sp ec t ru m  was i d e n t i c a l  t o  
d i e t h y l  1 , 6 —p h e n o x a t h i i n d i c a r b o x y l a t e ( L X V I I I c ) p r e p a r e d  from 
1 , 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  c h l o r i d e  and e t h y l  a l c o h o l .
P r e p a r a t i o n  o f  D im ethyl  k . 6—P h e n o x a t h i i n d i c a r b o x y l a t e  
(LXVIIb) . To 1 . 0  g .  ( 3 .1  mmoles) o f  l | ,  6—phenoxa t h i  i n d i e  a r — 
b o x y l i c  a c i d  chlor ide(LXXXV), see  be low ,  was added 20 ml.  
of  m e th y l  a l c o h o l  and th e  s o l u t i o n  was h e a t e d  u n de r  r e f l u x  
f o r  12 h r .  The m e th y l  a l c o h o l  was removed by f l a s h  d i s t i l ­
l a t i o n  u n d e r  r ed u c ed  p r e s s u r e  t o  l e a v e  0 .6 0  g .  o f  r e s i d u e ,  
m .p .  78—80 ° .  R e c r y s t a l l i z a t i o n  o f  th e  s o l i d  r e s i d u e  from 
m eth y l  a l c o h o l  and w a t e r  gave 0 .5 2  g .  (5 2 . 7$) of  d im e th y l  
I).,6- p h e n o x a t h i i n d i c a r b o x y l a t e  (LXViib),  m .p .  81- 82 ° ;  L i t .
(I4. I ) ,  m .p .  7 9 - 8 1 ° .
A n a l . C a lc d .  f o r  c i 6Hi 2 ° 5S ;  c * 8 0 .7 5 ;  H, 3 . 8 0 .
Pound:  C, 60.1+8; H, 3 . 7 9 .
I n f r a r e d  Spec trum  (Model 137—B, No. 693I f ) :  3 5 0 0 ( s h ) ,  
2 9 0 0 (w), 1 7 3 0 ( s ) ,  1 7 1 0 (w) ,  15 9 0 (m), l 5 7 0 (w ) ,  l l f6o(w ) ,
11+2 0 ( 3 ) ,  1 2 8 0 (w), 1 2 5 0 (m), 1 2 2 0 (m), 1 2 0 0 (m), 1 1 9 0 ( s h ) ,  
l l 6 0 ( s ) ,  1 1 3 0 ( a ) ,  1 0 8 5 (w),  1 0 6 0 (w), 9 8 5 ( a ) ,  9 7 5 (m), 8 9 0 (m), 
8 7 5 ( a ) ,  850(m),  8 1 0 ( a ) ,  7 6 0 ( s ) ,  7 l f 0 ( s ) ,  7 3 5 ( s h ) ,  7 2 0 (w),
7 0 0 ( a h ) .
CHClo
U l t r a v i o l e t  Sp ec t ru m :  A 3 0 7 ( l o g e  3 . 5 6 8 ) .
max
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The d i e t h y l  e s t e r ( L X V I I c ) ,  m .p .  59—62° ,  was a l s o  
p r e p a r e d  by a s i m i l a r  p ro ce d u re  i n  2 8 .3 $  y i e l d .
I n f r a r e d  Spectrum (Model 137—B, No. 1+716): 3l+00(w, 
b r o a d ) ,  2900(m),  1 7 3 0 ( a ) ,  1 7 1 0 (a h ) ,  l 6 0 0 ( w ) ,  15 9 0 (w), 
l i+50(ah) ,  11+20 ( s ) , 11+10(a h ) , 11*00 ( a h ) ,  1380(m),  12 7 5 (w, 
b r o a d ) ,  1220(m),  1 2 1 0 ( a ) ,  l l 8 o ( a h ) ,  l l 6 0 ( m ) ,  1 1 3 0 ( s ) ,
109 0 (w), 1 0 2 0 ( a ) ,  9 8 5 ( a h ) ,  91+0 (w), 9 2 0 (w), 8?5(w) ,  850(w, 
b r o a d ) ,  8 2 5 (m), 8 0 0 ( a h ) ,  7 7 0 ( a ) ,  725(m ).
P r e p a r a t i o n  o f  Dimethyl  1 .6 —P h e n o x a th i i n d i e a r b o x y — 
l a t e ( L X V I I I b ) . To 1 .0  g.  (3*1+6 mmolea) o f  1 ,6 —p h e n o x a t h i i n — 
d i c a r b o x y l i c  ac id (L X V IIa)  waa added 25 ml.  o f  t h i o n y l  c h l o r i d e ,  
and th e  a o l u t i o n  waa h e a t e d  u nd e r  r e f lu ? :  f o r  1 h r .  A f t e r  
o o o l in g  th e  a o l u t i o n  t o  room t e m p e r a t u r e ,  t h e  t h i o n y l  
c h l o r i d e  waa removed by e v a p o r a t i o n  u n d e r  a s p i r a t o r  p r e a a u r e  
t o  l e a v e  a g r e e n  r e a i d u e .  The r e a i d u e  waa t ah o n  up i n  10 
m l.  o f  m e th y l  a l c o h o l  and h e a t e d  under  r e f l u x  f o r  15 min.
The a o l u t i o n  waa poured  i n t o  i c e  w a t e r .  On a t a n d in g  0 .8  g. 
o f  s o l i d ,  m .p .  131— , p r e c i p i t a t e d  from th e  s o l u t i o n .
The s o l i d  waa washed w i t h  a 5% sodium h y d ro x id e  s o l u t i o n  and 
r e c r y a t a l l i z e d  tw ic e  from a b s o l u t e  e t h y l  a l c o h o l  t o  g ive  
0 .5  g* (1+5.5£) o f  d im e th y l  1 , 6 —phenoxa t h i  i n d i e  a r b o x y l a t e
(LXVIIb), m .p .  1 5 3 -1 5 5 ° ;  L i t .  (1+1), m .p .  1 5 0 .5 - 1 5 1 .5 °  *
A n a l . C a l c d . f o r  C ^ H ^ O ^ S :  c ,  6 0 .7 5 ;  H, 3 . 8 0 .
Pound:  C, 6 0 .5 8 ;  H, 3 . 6 5 .
I n f r a r e d  Spectrum (Model 137—B, No. 6 9 0 1 ) :  3 5 0 0 ( s h ) ,  
3 0 0 0 (w), 29 0 0 (w), 1 7 2 5 ( a ) ,  1 7 0 5 ( a ) ,  I 6 0 0 (w),  15 9 0 (w),
157 0 ( a h ) ,  I 5 l 5 ( a h ) ,  ll+70(w), II4.I4.O( s ) ,  l l+ 2 0 (s ) ,  128o(m),
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
76
12 l+0 ( s h ) ,  1 2 2 0 (w),  1 1 9 0 (m), l l 5 0 ( m ) ,  1 1 1 0 (01) ,  1 0 8 0 (w),
1 0 50 (w), 1 0 1 0 ( a ) ,  9 8 0 (w, b r o a d ) ,  910(m), 850(m),  825(m),
800(m), 7 6 0 (w), 72*0 (w), 7 l5 ( m ) ,  7 0 5 ( s h ) .
CHOlo
U l t r a v i o l e t  Spec trum :  A J  333 ( l o g  e 3 . 6 8 1 ) .
max
P r e p a r a t i o n  o f  D i e t h y l  1 . 6—P h e n o x a t h i i n d i c a r b o x v l a t e  
(XTjVIIIo ) . To 0 . 9  g .  ( 3 .1 2  mmoles) o f  1 , 6—p h e n o x a t h i i n d i — 
c a r b o x y l i c  a c i d ( X L V I I I a ) was added 25 ml.  o f  t h i o n y l  c h l o r i d e ,  
and th e  s o l u t i o n  was h e a t e d  un d e r  r e f l u x  f o r  1} h r .  Th iony l  
c h l o r i d e  was removed by e v a p o r a t i o n  un d e r  reduced  p r e s s u r e  
t o  l e a v e  a g re e n  r e s i d u e .  ’ The r e s i d u e  was d i s s o l v e d  i n  
10 m l .  o f  a b s o l u t e  e t h y l  a l c o h o l ,  and t h a t  s o l u t i o n  was 
h e a t e d  un d e r  r e f l u x  f o r  10 m in .  On p o u r i n g  th e  s o l u t i o n  
i n t o  i c e  w a t e r ,  0 .7  g .  s o l i d ,  m .p .  91+—990 , p r e c i p i t a t e d .
Two r e c r y s t a l l i a a t i o n s  o f  th e  s o l i d  from e t h y l  a l c o h o l  and 
w a t e r  gave 0 .3  g .  (3 0 . 0$ ) -o f  d i e t h y l  1 , 6—p h e n o x a t h i i n d i c a r — 
b o x y l a t e ( X L V I I I c ) ,  m .p .  1 0 6 -1 0 7 ° .
A n a l . C a lc d .  f o r  C-^gH^gOcjS: G, 6 2 .7 2 ;  H, 1+.6 9 ;
3k b -33  g . / m o l e .  Pound: C, 6 2 . 8 1 ;  H, 1*.83; .3 6 2 .11 g . / m o l e .
I n f r a r e d  Spectrum (Model 137-B, No. 3 0 6 3 ) : 2 900(w ) , 
1 7 3 0 ( a ) ,  1 7 1 0 ( a ) ,  l 6 0 0 (w), l5 8 0 ( w ) ,  l!*8c ( s h ) ,  12+2 0 ( 3 ) ,  
l l iOO(sh), 138o(m), 128o(w),  1250(w),  1220(w),  1 2 0 0 ( s b ) ,  ’ 
1 1 9 0 (w),  l l 6o(m ), 1 1 3 0 (w), 1090(w),  1 0 6 0 (w), 1 0 2 0 ( a ) ,
9 8 5 ( s h ) ,  960(m),  9 2 5 ( a h ) , 8 7 5 (w), 860(w),  8 2 5 (m), 8 l 0 ( s h ) ,  
7 6 0 ( s ) ,  7 3 5 ( a h ) ,  7 1 5 (w).
1_
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Attem pted  P r e p a r a t i o n  of  li—Hydroxymethylphenoxa— 
t h i i n ( L X X ) . To a s u s p e n s i o n  o f  O.3 8  g .  (10 mmoles) of 
l i t h i u m  aluminum h y d r i d e  i n  200 m l .  o f  anhydrous  t e t r a h y — 
drof ipran  a t  —5° was added a s o l u t i o n  o f  1 .2 9  g .  (5 mmoles) 
o f  If—phenoxa t h i  i n c a r b o x y l  i c  a c i d ( L I I )  i n  200 m l .  o f  anhy­
drou s  t e t r a h y d r o f u r a n ,  and th e  r e a c t i o n  m ix tu r e  was a l lo w ed  
t o  warm t o  room t e m p e r a t u r e  w i t h  s t i r r i n g  d u r i n g  If h r .  
F o l lo w in g  th e  d e c o m p o s i t io n  o f  e x c e s s  l i t h i u m  aluminum hy­
d r i d e  w i t h  w a t e r  and removal  of  th e  p r e c i p i t a t e d  aluminum 
h y d r o x i d e ,  t h e  t e t r a h y d r o f u r a n  l a y e r  was s e p a r a t e d ,  and t h e  
s o l v e n t  was removed by e v a p o r a t i o n  t o  g iv e  a q u a n t i t a t i v e  
r e c o v e r y  o f  1}.—p h e n o x a t h i i n c a r b o x y l i c  a c i d ( L I I ) ,  m .p .  169— 
1 7 1 ° .  S u p e r l m p o s a b i l i t y  o f  th e  i n f r a r e d  spec t rum  o f  th e  
r e c o v e r e d  If—p h e n o x a t h i i n c a r b o x y l i c  a c i d ( L I I )  w i t h  t h a t  o f  
s t a r t i n g  if—p h e n o x a t h i i n c a r b o x y l i c  a c id (L i I I )  and th e  m ix tu r e  
m e l t i n g  po in t-  o f  th e  two s o l i d s  showed t h a t  th e  compounds 
were i d e n t i c a l .
P r e p a r a t i o n  o f  I f -H ydroxym ethy lphenoxa th l ln (LX X ). 
P ro c e d u re  A — A s o l u t i o n  o f  1 . 5  g .  (5*8 mmoles) o f  m ethy l  
If—p h e n o x a t h i i n c a r b o x y l a t e ( L I I I )  i n  200 m l .  o f  anhydrous  
e t h e r  was added a t  room t e m p e r a t u r e  o v e r  a p e r i o d  of 0 .5  h r .  
t o  1 . 5  g .  (ifO mmoles) o f  l i t h i u m  aluminum h y d r i d e ,  and th e  
m ix t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  3 . 5  h r .  E xcess  
l i t h i u m  aluminum h y d r i d e  was decomposed by th e  a d d i t i o n  of  
w a t e r .  The p r e c i p i t a t e d  aluminum h y d ro x id e  was d i s s o l v e d  by 
t h e  a d d i t i o n  of  10$ h y d r o c h l o r i c  a c i d .  The e t h e r  l a y e r  was
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s e p a r a t e d  and a l low ed  t o  e v a p o r a t e  t o  y i e l d ,  a f t e r  f i l t r a t i o n ,  
0 .2 7  g .  o f  p r o d u c t ,  m .p .  75—8 2 ° .  The crude  s o l i d  was r e -  
c r y s t a l l i z e d  from benzene w i t h  N o r i t  t r e a t m e n t  to  g iv e  0 .1  g .  
( 6 .6 $ )  of  pure  Ij.—h y d ro x y m e th y lp h e n o x a th l in ( j_ ju 0 , m .p .
92 . 5—9^ • 0° .
P ro c ed u re  B — To 3 . 1  g .  (0 .082  mole) o f  l i t h i u m  
aluminum h y d r id e  i n  200 m l .  of  anhydrous  e t h e r  was added 
o v e r  1 h r .  5 . 0  g .  (0.020lj. mole) o f  l|—phenoxa t h i  i n c a r b o x y l  ic  
a c i d ( L I I )  d i s s o l v e d  i n  300 m l .  o f  anhydrous  e t h e r .  The 
r e a c t i o n  m ix tu re  was t h e n  s t i r r e d  a t  room t e m p e r a t u r e  f o r  
17 h r .  E xcess  l i t h i u m  aluminum h y d r id e  was decomposed w i t h  
w a t e r ,  and th e  p r e c i p i t a t e d  aluminum h y d ro x id e  was d i s s o l v e d  
w i t h  10$ h y d r o c h l o r i c  a o i d .  The o rg a n ic  compound was 
s a l t e d  o u t  o f  th e  aqueous phase  by th e  a d d i t i o n  of  sodium 
c h l o r i d e  and t a k e n  up i n  e t h e r .  A f t e r  s e p a r a t i o n  of  th e  
e t h e r  l a y e r  and f l a s h  d i s t i l l a t i o n  u n d e r  r edu ced  p r e s s u r e ,  
a s o l i d  r e s i d u e  was o b t a i n e d .  This  r e s i d u e  was s t i r r e d  w i t h  
a 5$ sodium h y d ro x id e  s o l u t i o n  and s e p a r a t e d  by f i l t r a t i o n  
t o  l e a v e  a r e s i d u e  o f  0 . 6  g .  (1 2 .8 $ )  o f  impure 1+—hydroxy— 
m e th y lp h e n o x a th i in (L X X ) , m .p .  81|—88° . A c i d i f i c a t i o n  of  t h e  
f i l t r a t e  w i t h  5$ h y d r o c h l o r i c  a c i d  gave p h e n o x a t h i i n c a v— 
b o x y l i c  a c i d ( L I I ) .  S u p e r i m p o s a b i l i t y  o f  th e  i n f r a r e d  spec­
trum o f  th e  r e c o v e r e d  a c i d ( L i l )  w i t h  t h a t  o f  s t a r t i n g  a c i d  
( i i l l )  and t h e  m ix tu re  m e l t i n g  p o i n t  o f  th e  two s o l i d s  showed 
t h a t  th e  compounds were i d e n t i c a l .
P ro ced u re  C — This  p r o c e d u re  i s  b a s i c a l l y  t h e  same 
a s  p r o c e d u re  B e x c e p t  i n  th e  f o l l o w i n g :
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(1) T e t r a h y d r o f u r a n  was used a s  a s o l v e n t ,  s i n c e  1±— 
pher.oxa t h i  i n c a r b o x y l  ic  a c i d ( L l I )  i s  more s o l u b l e  
i n  t h i s  s o l v e n t .
■s
(2) The r e a c t i o n  m ix tu r e  was h e a t e d  un d e r  r e f l u x  f o r  
3 t o  20 h r .
(3)  The r e a c t i o n  f l a s k  was c o o le d  by an i c e  b a t h  when 
e x c e s s  l i t h i u m  aluminum h y a r i d e  was decomposed.
(24-) R e c r y s t a l l i z a t i o n  was e f f e c t e d  by e x t r a c t i o n  o f  
th e  s o l i d  i n  a S o x h le t  e x t r a c t o r  w i t h  h o t  l i g r o i n  
(6 6 -75 ° )  and c o o l i n g  th e  r e c e i v e r  f l a s k .
The a v e ra g e  y i e l d  o f  pu re  compound, m .p .  89—9 1° ,  by t h i s  
p r o c e d u r e  was a p p r o x i m a t e ly  60$.  The h i g h e s t  y i e l d  o f  pure  
compound, m .p .  8 9 .5 —9 1 . 5 ° ,  o b t a i n e d  was 7 5 .6 $ .
A n a l . C a lc d .  f o r  c i 3 Hi o ° 2 S:  G, 8 7 . 7 9 ;  H, 24. 3 9 .
Pound:  (5, 6 7 .7 8 ;  H, 4.>4.9 .
I n f r a r e d  Spectrum (Model 137—B, -No. 19246) :  3300(m,
b r o a d ) ,  3000(m),  l600(w) , l l |7 0 (w ) ,  12420( s ) ,  1350(m),  1 2 7 5 (m),f
1 2 2 5 (m), l l 6 o ( w ) ,  1 1 3 0 (w), 1 0 8 0 (w) ,  1.050(m), 1030(w),  9 6 0 (m), 
9i40( s h ) ,  8 7 5 (m), 8 l0 ( m ) ,  770(m),  755(a), 730(w),  720(w),
675 (w).
P r e p a r a t i o n  of  2i—Hydroxyme t h y  1—6—Phenoxa t h i i n c a r -  
b o x y l i c  Acid(LXXI) .  To 1 0 .0  g .  ( 0.024324 mole)  o f  24—hydroxy— 
m eth y l  phenoxa th i in (L X X ) i n  300 m l .  o f  anhydrous  e t h e r  was 
added 1 7 .8  g .  ( 0.0243 mole)  o f  a 1 5 .1 5 $  s o l u t i o n  o f  n - b u t y l — 
l i t h i u m ( X L I )  i n  h e x a n e .  A w h i t e  s o l i d ,  l i t h i u m  a l k o x i d e ,
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p r e c i p i t a t e d  im m e d ia te ly .  The m ix tu re  waa a t i r r e d  u nd e r  a 
c lo s e d  n i t r o g e n  a tm osphere  a t  room t e m p e r a t u r e  f o r  6 h r .
A t  t h i s  t ime a sample was removed. C a r b o x y l a t i o n  and a c i d ­
i f i c a t i o n  of  t h e  sample i n  t h e  u s u a l  manner y i e l d e d  on ly  
s t a r t i n g  a lcohol(LXX) (v ide  i n f r a r e d  s p e c t r u m ) .  A second 
e q u i v a l e n t  o f  n—b u t y l l i t h i u m ( X L I )  was added and th e  r e a c t i o n  
m ix tu r e  was 3 t i r r e d  a t  room t e m p e r a t u r e  u nd e r  a s e a l e d  
n i t r o g e n  a tm osphere  f o r  an a d d i t i o n a l  1+2 h r .  The r e a c t i o n  
m ix tu r e  was poured  on to  a s l u r r y  o f  s o l i d  c a rb o n  d io x id e  in  
e t h e r  and was a l lo w e d  t o  s t a n d  u n t i l  a l l  t h e  s o l i d  ca rb o n  
d i o x id e  and s o l v e n t s  had e v a p o r a t e d .  The r e s i d u e  was t h e n  
s t i r r e d  w i t h  a l a r g e  volume o f  w a t e r ,  and th e  m ix tu r e  v a s  
f i l t e r e d .  The f i l t r a t e  was a c i d i f i e d  w i t h  5% h y d r o c h l o r i c  
a c i d  t o  p r e c i p i t a t e  t h e  impure p r o d u c t .  Three r e c r y s t a l l i z a — 
t i o n s  o f  th e  s o l i d  from m eth y l  a l c o h o l  u s i n g  N o r i t  a t  e ach  
r e c r y s t a l l i z a t i o n  gave 6 .5  g .  (53 »6$) o f  l+-4iy d r  oxyme th y  1—
6—p h e n o x a t h i i n c a r b o x y l i c  ac id (LX X I) ,  m .p .  229—231° .
The h i g h e s t  y i e l d  of  pure  p r o d u c t  o b t a i n e d  by t h i s  
p ro c e d u re  was 55%, m .p .  229—2 3 1° .  E le m e n ta l  a n a l y s i s  f o r  
s u l f u r  was p o s i t i v e .
■Anal. *  C a lc d .  f o r  C ^ H ^ O ^ S : C, 6 1 .3 1 ;  H, 3 . 6 8 .
Pound:  C, 6 1 .7 2 ;  H, 3 . 9 1 .
I n f r a r e d  Spectrum (Model 337,  No. 2 2 7 3 ) :  3 3 0 0 ( s ) ,
29i+5(m), 2500(m, b r o a d ) ,  1950(w, b r o a d ) ,  1 6 8 5 ( a ) ,  l 6 0 0 (w), 
l l+ 5 0 (sh ) ,  l i+ 2 0 (s ) ,  1380(w),  1260(m),  1 2 1 0 (m), 1200(w),
1 1 7 0 (w), H 5 0 ( w ) ,  1130(w),  107 5 (m), 100 0 (m), 9 7 0 (m), 9 2 0 ( s h ) ,  
8 8 0 ( a ) ,  850(w),  8 l 5 ( w ) ,  8c5 (w ) ,  7 8 o ( s ) ,  760(w),  7 3 0 ( a ) ,  
7 2 0 ( a ) .
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The p h e n y lh y d r a z in e  d e r iv a t ive (D U C IX )  m e l te d  a t  
226- 228° .
I n f r a r e d  Spectrum (Model 137—B, No. 308!j.) : 3 2 5 o ( s ,
b r o a d ) ,  1 9 5 0 ( s h ) ,  l 6 9 0 ( s ) ,  l 6 0 0 (w), I5lj.0(m), l i ) .50(sh) ,
1U10(s ) ,  li+OO ( s h ) , 1260(m ), 1 2 1 0 ( a ) ,  1 2 0 0 ( s h ) ,  1170(w) ,
1 15 0 (w ) , 1 1 3 0 (w), 1075(m),  1000(m),  970(m),  9 2 0 ( s h ) ,  8 8 0 ( a ) ,  
850(w),  8 1 5 (w ) , 8 0 5 (w) ,  7 8 0 ( a h ) ,  7 6 0 ( a ) ,  7 3 0 ( a ) ,  7 2 0 ( a h ) .
The R e d u c t io n  o f  U—Hvdroxvmethvl—6—P h e n o x a t h l l n o a r -  
b o x y l i c  Acid (.LX-X.I). To a a u ap e n a io n  o f  1 . 5  g .  ( 0 . Olp mole) 
o f  l i t h i u m  aluminum h y d r i d e  i n  25  m l.  o f  anhydroua  t e t r a h y — 
d r o f u r a n  waa added a a o l u t i o n  o f  2.7)+ g .  (0 .0 1  mole)  o f  1+— 
hyd r  oxyme th y  1—6—phenoxa t h i  i n c a r b o x y l  i c  acid(LJOtl)  i n  200 ml.  
o f  anhydroua  t e t r a h y d r o f u r a n ,  and th e  m ix tu r e  waa h e a t e d  
u n d e r  r e f l u x  f o r  23 h r .  E x cess  l i t h i u m  aluminum h y d r i d e  waa 
decompoaed w i t h  w a t e r ,  and th e  p r e c i p i t a t e d  aluminum hydrox­
ide  waa d i s s o l v e d  w i t h  5$ h y d r o c h l o r i c  a c i d .  The o r g a n ic  
compound was s a l t e d  o u t  o f  th e  aqueous p h a s e ,  and th e  e t h e r  
phase  was s e p a r a t e d  and was e v a p o r a t e d  t o  g iv e  2 .5  g .  of  
r e s i d u e ,  m .p .  102—135° .  R e c r y s t a l l i z a t i o n  o f  t h e  c rude  s o l i d  
f rom ca rb o n  t e t r a c h l o r i d e  gave 1 . 1  g .  ( 3 8 . 7$) o f  i+,6—dih y — 
d ro x ym eth y lp h e n o x a th i in (L X X .I I ) , m .p .  138—IlpO0 . S up e r im -  
p o s a b i l i t y  o f  th e  i n f r a r e d  spec t ru m  of  1+, 6—d ihy  d r  oxyme t h y  1— 
phenoxa t h i  i n  (UU.1I) w i t h  t h a t  o f  an  a u t h e n t i o  sample p r e p a r e d  
from th e  r e a c t i o n  o f  l i t h i u m  aluminum h y d r id e  w i t h  i+, 6 -  
phenoxa t h i i n d i c a r b  o x y l i c  a c i d  ( U tV I I a ) and th e  m ix tu r e  m e l t i n g  
p o i n t  o f  t h e  two s o l i d s  showed t h a t  t h e  compounds were 
i d e n t i c a l .  An a n a l y t i c a l  sam ple ,  p r e p a r e d  by r e p e a t e d  r e —
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
82
c r y s t a l l i z a t i o n  from c a rb o n  t e t r a c h l o r i d e ,  m e l ted  a t  lif.0—
1 ^ 1 . 5 ° .
A n a l ,*  C a lc d .  f o r  C ^ H ^ O ^ S : c, 6ij..60; H, ij.. 65.
Pound:  C, 6I4. . 6 6 ; H, l±.7d,
i n f r a r e d  Spectrum (Model 137—B, No. 3 6 1 3 ) :  3U60(m),
3375  (m), 2950(w, b r o a d ) ,  l 6 0 0 (w),  llj.5 o ( s h ) ,  1^ 2 0 ( a ) ,
1350(m),  1260(m),  1210(m), U 7 0 ( m ) ,  l l £ o ( w ) ,  1130(w),
1 0 8 0 ( a ) ,  1 0 6 0 ( a ) ,  1020(m),  1010(m),  980(m),  96o(w),  890(w),  
870(m), 850(w),  8 l 0 (m), 78o ( s h ) ,  7 7 5 ( a ) ,  7 6 0 ( a ) ,  7^0(m),  
720(m).
The R e d u c t io n  of  h .  6—Phenoxa t h i i n d i c a r b o x y l i c  Acid 
(L.X.Vlla ) . A s o l u t i o n  o f  1 .0  g .  ( 3 . 5  mmoles) of Ij., 6—phenoxa- 
t h i i n d l c a r b o x y l i c  ac id (U L V IIa)  in  50 ml.  of  anhydrous  t e t r a — 
h y d r o f u r a n  was added t o  a s u s p e n s io n  of 0 .7  g .  (18  mmoles) 
o f  l i t h i u m  aluminum h y d r i d e  i n  2C m l.  o f  anhydrous  t e t r a h y — 
d r o f u r a n  and th e  m ix tu re  was h e a t e d  u n d e r  r e f l u x  f o r  22  h r .  
E xcess  l i t h i u m  aluminum h y d r i d e  was decomposed w i t h  w a t e r ,  
and th e  aluminum h y d ro x id e  which  p r e c i p i t a t e d  was d i s s o l v e d  
by th e  a d d i t i o n  o f  5$ h y d r o c h l o r i c  a c i d .  Sodium c h l o r i d e  
was t h e n  added t o  th e  m ix tu r e  in  o r d e r  t o  s a l t  o u t  th e  
o r g a n ic  p r o d u c t  from th e  aqueous p h a s e .  The m ix tu r e  was 
e x t r a c t e d  w i t h  e t h e r . a n d  th e  e t h e r  phase  was s e p a r a t e d .  
E v a p o r a t i o n  of th e  e t h e r  l e f t  1 . 0  g .  o f  a s t i c k y  r e s i d u e .  
A f t e r  w ash ing  w i t h  a 5$ sodium h y d ro x id e  s o l u t i o n ,  th e  
r e s i d u e  was c r y s t a l l i z e d  from a 70$ e t h y l  a l c o h o l  s o l u t i o n  
t o  g iv e  0 .1  g .  ( 1 1 . 0$) of  l | , 6- d ih y d r o x y m e th y l p h e n o x a t h i i n  
(ULX.Il), m .p .  1 3 8 .5—II4.O0 . The s u p e r i m p o s a b i l i t y  o f  th e
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i n f r a r e d  spec t rum  of  I4., 6—dihydroxym ethy lphenoxa  thiin(LA.X.II) 
w i t h  t h a t  of  an a u t h e n t i c  sample p r e p a r e d  from th e  r e a c t i o n  
of  I4—hydroxym ethyl—6—p h e n o x a t n i i n c a r b o x y l i c  a c i d  ( laa .1 ) w i t h  
l i t h i u m  aluminum h y d r id e  and th e  m ix t u r e  m e l t i n g  p o i n t  o f  
th e  two s o l i d s  showad t h a t  th e  compounds were i d e n t i c a l .
The R e d u c t io n  of  1 .6 —P h e n o x a t h i i n d i c a r b o x y l i c  Acid 
(L A V Il ia ) . A s o l u t i o n  o f  1 . 0  g .  ( 3 . 5  mmoles) o f  1 , 6 —
p n e n o x a t h i i n d i c a r b o x y l i c  a c i d ( L A V I I l a ) i n  50 m l .  of  anhy­
d ro us  t e t r a h y d r o f u r a n  was added t o  a s u s p e n s io n  o f  1 .0  g .
(26 mmoles) of l i t h i u m  aluminum h y d r i d e  i n  20  m l.  of  anhy­
drous  t e t r a h y d r o f u r a n  and th e  m ix tu r e  was h e a t e d  und e r  
r e f l u x  f o r  20 h r .  On w ork ing  up th e  r e a c t i o n  m ix t u r e  as  
above ,  t h e r e  was o b ta in e d  0 .6  g .  (6 6 . 0$)  of 1 , 6—dih y d ro x y — 
m e t h y l p h e n o x a th i i n ( L A A H I ) , m .p .  152—l5U ° ,  a f t e r  r e c r y a — 
s t a l l i z a t i o n  from 95$  e t h y l  a l c o h o l .
A n a l . Ca lod .  f o r  C j^jH-^O^ S: c ,  6 I4..6 OJ H, ij.,65. 
Pound:  C, 61p.3 5 ;  H, i i .5 8 .
I n f r a r e d  Spectrum (Model 137—B, No. 3 8 6 9 ) :  3250(m,
b r o a d ) ,  29 5 0 (w, b r o a d ) ,  I 6 0 0 (w),  l l j .50 (sh) ,  l ! ^ 2 0 (s ) ,  1 3 5 0 ( s ) ,  
1260(m),  1210(m), l l 8 0 (m), l l 5 0 ( w ) ,  1 1 1 0 ( v ) ,  1 0 8 0 (m),
1 0 6 o(m), 9 8 0 (w) ,  9 6 0 (w) ,  8 9 0 ( w) ,  8 7 0 ( w) ,  85o(m), 775(a), 
720(m),  7 1 0 (w),  675(m).
P r e p a r a t i o n  o f  It.—Chloromethy 1—6—P h e n o x a t h l l n c a r — 
b o x v l l c  Acid C h lo r id e  (LAA1V). To l+.O g .  ( l ip .5 mmoles) of  
Ij.—hy d r  oxyme th y  1—6-phenoxa t h i  i n c a r b o x y l  i c  acid(LAAl)  was 
added 25 ml.  o f  t h i o n y l  c h l o r i d e ,  and th e  s o l u t i o n  was
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h e a t e d  u n d e r  r e f l u x  f o r  1|5 min .  The e x c e s s  t h i o n y l  c h l o r i d e  
was removed by f l a s h  d i s t i l l a t i o n  u n d e r  red u ced  p r e s s u r e  t o  
l e a v e  a g r e e n  s o l i d  as  r e s i d u e .  F o l lo w in g  two r e c r y s t a l l i — 
z a t i o n s  from l i g r o i n  (110—115°) w i t h  N o r i t  t r e a t m e n t ,  t h e  
c rude  s o l i d  gave 2 .7  g .  (6l .ij .$) o f  Ij.—c h lo r o m e t h y l —6—phenoxa— 
t h i i n c a r b o x y l i c  a c i d  c h lo r id e (L X X IV ) , m .p .  99—102° .
■Anal. C a lc d .  f o r  C-j^ H qC^C ^S  : 0, 5U«03? H, 2 . 5 9 .
Found:  C, 5 ^ . 5 5 ;  H, 2 . 6 9 .
I n f r a r e d  Spectrum (Model 337,  No. 2 2 7 8 ) :  2900(w,
b r o a d ) ,  1 7 6 0 ( a ) ,  l 6 0 0 (w),  l5 7 5 (m ) ,  ll+50(m), l l ; 1 0 ( s ) ,  1 2 8 5 (m), 
1260(m),  12 3 5 (m), 1210(m), l l 8 o ( m ) ,  l l 5 0 ( m ) ,  1090(w),
10 7 5 (w), 9 7 5 ( a h ) , 9 ^ 0 ( s ) ,  920(w),  8 9 0 ( w , s h ) ,  870(m),  8 0 0 (w), 
790(w),  7 7 5 (w), 7 2 5 ( a ) ,  6 9 0 ( a ) .
P r e p a r a t i o n  o f  N.N1—(It—Methyl—6—Phenoxa t h i  I n c a r b o n y l  ) -  
d i g l y c i n e  (LXXVI). To a s o l u t i o n  o f  O.lf.8 g .  ( 6 . l|. mmoles) 
o f  g l y c i n e ( L X I I I )  in  6 .3  m l .  o f  2N ( 1 2 .6  mmoles) sodium 
h y d ro x id e  was added 1 . 0  g .  (3*2 mmoles) o f  ii—c h lo r o m e t h y l —
6—phenoxa t h i  i n c a r b o x y l  i c  a c i d  c h l o r i d e  (LXXIV) in  6 m l.  of  
b e n z e n e ,  and th e  m ix tu r e  was s t i r r e d  f o r  3 h r .  a t  t h e  end 
of  w hich  t ime a l l  t h e  benzene  had e v a p o r a t e d .  Ihe s o l u t i o n  
was t h o n  a c i d i f i e d  w i t h  2N h y d r o c h l o r i o  a c i d  c a u s i n g  th e  
p r e c i p i t a t i o n  of  1 .1  g .  (88$) o f  impure N,N'~([{.-methyl—6— 
p h e n o x a t h i i n c a r b o n y l ) d i g l y c i n e ( L X X V I ) , m .p .  120—130° ( d e c . ) .  
R e c r y s t a l l i z a t i o n  o f  th e  c ru d e  p r o d u c t  from 95$ e t h y l  
a l c o h o l  gave an o i l  w hich  on c o o l i n g  w i t h  p e t r o le u m  e t h e r  
gave th e  p r o d u c t  (LXXVI), m .p .  iLpO—11+7° ( d e c . ) .  A n e g a t i v e  
B e i l s t e i n  t e s t  i n d i c a t e d  th e  a b sen c e  o f  c h l o r i n e .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
85
A n a l .  C a lc d .  f o r  C ^ B ^ N g O ^ S :  C, 5 5 . 6 5 ;  H, U .15 .
Pound:  C, 55*70; H, 3 .7 1 .
I n f r a r e d  Spectrum (Model 137—B, No. 5 3 9 9 ) :  3500(m,
b r o a d ) ,  29C0(m), 1 7 2 5 ( a ) ,  1 7 0 0 ( a h ) ,  l 6 7 5 ( a h ) ,  1 6 5 0 ( a ) ,
1 6 0 0 ( a h ) , l l+ 5 0 ( sh ) , l l+ 2 0 (s ) ,  11+10 ( a h ) ,  1 2 8 5 ( a h ) ,  1260(f ih) ,  
1 2 1 0 ( a ) ,  l l 8 0 ( w ) ,  H 6 0 ( w ) ,  U 5 0 ( w ) ,  1090(m), 1025(m),
9 7 5 (w),  9i|.0(m), 9 2 0 (w), 8 9 0 ( a ) ,  8 0 0 ( v ) ,  790(w),  7 6 0 ( a ) ,  
7l+0(a),  7 2 5 (m).
P r e p a r a t i o n  of  E t h y l  N—(Ii—C h lo ro m e th y l—6—Phenoxa— 
t h i l n c a r b o n y l ) g i v e I n a t e . P ro c ed u re  A — To a a o l u t i o n  of
0 .5  g .  (16 mmolea) o f  I).—c h lo r o m e th y l—6—p h e n o x a t h i i n e n r b o x y l i c  
a c i d  chlor ide(LXXIV) In  10 ml.  of  anhydroua  benzene  waa 
added 0.1+1+68 g .  (32 mmolea) of  g l y c i n e  e t h y l  e a t e r  h y d ro ­
c h l o r i d e  (LXXV), and th e  r e a c t i o n  m ix tu r e  waa h e a t e d  u n de r  
r e f l u x  f o r  20 h r .  F i l t r a t i o n  removed th e  a t & r t i n g  amino 
a c i d  e a t e r  h y d r o c h l o r i d e  (LXXV) as  a r e a i d u e .  E v a p o r a t io n  
o f  t h e  f i l t r a t e  f o l lo w e d  by t h r e e  r e c r y a t a l l i z a t i o n a  o f  th e  
r e a u l t i n g  r e a i d u e  from m eth y l  a l c o h o l  and w a t e r  (5 :1 )  gave 
0 .27  g .  (1+5.0$) o f  E t h y l  N—(l+—c h l o r o m e t h y l —6—phenoxa t h i i n -  
c a r b o n y l ) g l y c i n a t e ( L X X V I I ) , m .p .  109—1 15 ° .  A p o a i t i v e  
B e i l a t e i n  t e a t  i n d i c a t e d  th e  p re a e n c e  o f  c h l o r i n e .
P ro c e d u re  B — H e a t in g  l+ -ch lo ro m ethy l—6—phenoxa—_ 
t h i i n c a r b o x y l i c  a c i d  chlor ide(LXXIV) and g l y c i n e  e t h y l  e a t e r  
hydrochlor ide(LXXV) w i t h  t r i e t h y l a m i n e  gave on ly  r e c o v e r e d  
a t a r t i n g  m a t e r i a l a .
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P ro c ed u re  C — To 1.5^4- g .  (if 9 mmolea) of  Ij.—c h l o r o — 
m eth y l—6—p h e n o x a t h i i n c a r b o x y l i c  a c i d  chlor ide(LXXIV) in  
25 m l .  o f  anhydrous  benzene  was added a m ix tu re  o f  1 .37  g .
(98  mmoles) of g l y c i n e  e t h y l  e s t e r  hydrochlor ide(LXXV) in  
Ij.1.5 g .  o f  8% sodium b i c a r b o n a t e  and 25 ml.  of  b e n z e n e .
The r e a c t i o n  was s t i r r e d  f o r  1| h r . ,  and th e  benzene  l a y e r  
was s e p a r a t e d  and c o n c e n t r a t e d  to  g iv e  1 .3  g .  of  r e s i d u e .
The r e s i d u e  was h e a t e d  w i t h  benzene  and p e t ro le u m  e t h e r ,  
and th e  s o l u t i o n  was f i l t e r e d .  E v a p o r a t i o n  o f  th e  f i l t r a t e  
gave ,  a f t e r  r e c r y s t a l l i z a t i o n  from 95^ e t h y l  a l c o h o l ,  l.ljij. g .  
( 7 8 .3 %) o f  e t h y l  N—(1|—c h l o r o m e t h y l —6—p h e n o x a t h i i n c a r b o n y l )— 
g l y c in a t e ( L X X V I I ) , m .p .  1 1 8 - 1 1 8 .5 ° .
A n a l . C a lcd .  f o r  C1qH1£)C1N0^S : C, 5 7 .2 2 ;  H, if. 27.
Pound: C, 5 8 .0 3 ;  H, I4.. 19•
I n f r a r e d  Spectrum (Model 337, No. 2 2 7 1 ) :  3 2 5 0 ( s ) ,  
2900(w, b r o a d ) ,  1 7 6 0 ( a ) ,  1 6 5 0 ( a ) ,  I 6 0 0 (w), l5 8 5 ( w ) ,  1 5 2 0 ( a ) ,  
lU50(w'), l l | 2 0 ( s ) , 1375 (w), 1350(w),  1265(m), 12lf0(m),
1220(w),  1 1 9 0 ( s ) ,  l l 6 o ( m ) ,  1070(m), 1010(m), 970(m, b r o a d ) ,  
9 3 0 (w ) , 9 1 0 (w), 8 7 0 (m), 8 0 5 (m), 7 8 0 (w),  7 6 0 ( a ) ,  7 3 0 ( s h ) ,  
7 2 0 ( a ) .
The i n f r a r e d  s p e c t r a  of th e  p r o d u c t s  i s o l a t e d  from 
p r o c e d u r e s  A and C were i d e n t i c a l .
R e a c t io n  o f  ii—C hlo ro m e th y l—6—P h e n o x a t h i i n c a r b o x v l l o  
- Acid Chloride(LXXIV) w i t h  Methyl A l c o h o l . To 0 . 5  g .  ( 1 .6  
mmoles) o f  ^—c h lo r o m e t h y l —6—p h e n o x a t h i i n c a r b o x y l i c  a c id  
ch lor ide(LXXIV) was added 50 ml.  o f  m e th y l  a l c o h o l  and th e  
s o l u t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  1 . 5  h r .  On p o u r in g  the
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r e a o t i o n  m ix tu re  i n t o  i c e  w a t e r ,  a s o l i d  p r e c i p i t a t e d  from 
s o l u t i o n .  A f t e r  r e c r y s t a l l i z a t i o n  from 95$ e t h y l  a l c o h o l ,  
t h e r e  was o b ta in e d  0 . 2  g .  o f  m ethy l  [{.—c h lo r o m e th y l—
6 - p h e n o x a t h i i n o a r b o x y l a t e (JL iJU tlX ), m.p.  96—9 8 ° .  The p r e s e n c e  
o f  c h l o r i n e  was i n d i c a t e d  by a p o s i t i v e  B e i l s t e i n  t e s t .
A n a l . C a lc d .  f o r  C-^H-^CINC^S: C, 5 8 . 7 * ;  H, 3 . 6 5 .  
Pound:  C, 58.14.3; H, 3 . 2 7 .
I n f r a r e d  Spectrum (Model 137—B, No. 690i+) s 3500(w, 
b r o a d ) ,  2900(w, b r o a d ) ,  1 7 3 0 ( s ) ,  1 7 1 0 ( s h ) ,  1600(w),  l 5 7 5 ( w ) ,  
1^10(w ) ,  1285(m), 1 2 6 0 (w), 1 2 3 5 (w) , 1 2 1 0 (w ) , l l 8 o ( w ) ,  
l l 5 o ( w ) ,  l l 2 0 ( m ) ,  1090(w),  9 7 5 (w, b r o a d ) ,  8 9 0 ( s h ) ,  870(mj,  
8 0 0 (m), 7 7 5 ( s h ) ,  7 6 0 ( a ) ,  7 * 5 ( a ) .
P r e p a r a t i o n  o f  A c t i v a t e d  Manganese D io x id e .  A 
m ix tu r e  o f  111 .0  g .  o f  manganese s u l f a t e  m onohydra te ,  16o ml.  
o f  w a t e r ,  and 117 m l .  of  1+0$ sodium h y d ro x id e  was added t o  
a h o t  s o l u t i o n  o f  9 6 .0  g .  o f  p o ta s s iu m  perm angana te  i n  600 
m l.  o f  w a t e r  o v e r  a p e r i o d  o f  l\.S m i n . ,  and t h e  r e s u l t i n g  
m ix tu r e  was s t i r r e d  f o r  3 h r .  a t  room t e m p e r a t u r e .  The 
manganese d i o x id e  was c o l l e c t e d  by f i l t r a t i o n  and was washed 
s e v e r a l  t im e s  w i t h  200 ml.  p o r t i o n s  of  w a t e r .  A f t e r  d r y in g  
th e  s o l i d ,  t h e r e  was o b t a i n e d  a n e a r l y  q u a n t i t a t i v e  y i e l d  
of  b l a c k  manganese d i o x i d e .
P r e p a r a t i o n  o f  It—Formylphenoxathiin(L.XJCXII) . To
1 .0  g .  (1+.35 mmoles) o f  4—hydroxymethylphenoxathi in(i»xX.)  
d i s s o l v e d  i n  5u m l .  o f  t e t r a h y d r o f u r a n  was added 10 g .  of  
a c t i v a t e d  manganese d i o x i d e .  The p r o g r e s s  of  th e  o x i d a t i o n
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was f o l lo w e d  by t h e  d e c r e a s e  i n  th e  3300  cm band due t o  
th e  If—fo rm ylphenoxe th i ln (L X X X II)  b e in g  p ro d u c e d ,  A f t e r  3 
h r .  th e  o x i d a t i o n  was c o m p le te .  The manganese d io x id e  was 
removed by f i l t r a t i o n  and the  s o l v e n t  from th e  f i l t r a t e  was 
a l low ed  t o  e v a p o r a t e  l e a v i n g  a l i g h t  brown r e s i d u e .  The 
r e s i d u e  was r e c r y s t a l l i z e d  from l i g r o i n  ( 66—75° )  t o  g ive
8 .2  g .  (8 2 .3 $ )  o f  pure  I4.—fo r ray lp h en o x a th i in (L X X X II ) , m .p .  
9 1 .5 —9 3 . 0 ° .  The p r o d u c t  gave a p o s i t i v e  2,1).—d i n i t  ro p h e n y l— 
h y d r a z i n e  t e s t .
A n a l . C a lcd .  f o r  C^HgOpS t C, 6 8 .1 | l j  H, 3.51+.
Pound: 0, 6 8 . 3^ ;  H, 3.i+9.
I n f r a r e d  Spectrum (Model 137—B, No. I4.I4.8 0 ) :  2800(w),
1 6 9 5 ( a ) ,  1 60 0 (m), I550(m ),  li).70(m), l ) | 2 5 ( s h ) ,  llj.10( s ) ,  
1 3 9 5 ( a ) ,  1 2 7 5 (m), 1 2 5 0 ( s ) ,  1225(m), 1 2 1 0 (w), 1 1 7 5 (m),
1 1 3 0 (m), 1 0 8 0 (w, b r o a d ) ,  1 0 3 0 (w, b r o a d ) ,  9 7 5 (w, b r o a d ) ,
9 5 0 (w, b r o a d ) ,  8 9 0 ( a ) ,  875(m),  8 1 0 ( a ) ,  7 8 o ( s ) ,  770(m),
755(w), 730(m), 675 ( ah) .
U l t r a v i o l e t  Spec trum :  A CHC13 2 7 5 ( l o g  e 3 . 8 9 ) ,
max
3 5 0 ( s h ) ,  3 6 2 . 5 ( l o g  € 3 . 7 0 ) .
O x id a t io n  R e a c t io n s  L ead ing  t o  li—Phenoxa t h i i n o a r -  
b o x v l i c  A c i d ( L I I ) . P ro c ed u re  A — O x id a t io n s  o f  I4.—hydroxy— 
m ethy lphenoxa th i in (LX X ) w i t h  comm erc ia l  h y p o c h l o r i t e ,
Ch lorox ,  w i t h  o r  w i t h o u t  sodium h y d ro x id e  and i n  th e  p r e s e n c e  
o r  ab sence  o f  a t e t r a h y d r o f u r a n  s o l v e n t  gave p r o d u c t s  w i t h  
wide m e l t i n g  p o i n t  r a n g e s  showing bands  i n  th e  i n f r a r e d  
s p e c t r a  a t  3300  cm. ^ due t o  hydroxy  and 1695  cm.“"  ^ due t o
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a ld e h y d e .  These p r o d u c t s  gave 2 , l j . - d i n i t r o p h e n y lh y d r a z o n e s  
i n  p o o r  y i e l d s .  A l l  a t t e m p t s  t o  p u r i f y  t h e s e  p r o d u c t s  f a i l e d .
P ro c ed u re  B — O x id a t i o n s  o f  Ij.—f  ormylphenoxa t h i i n  
(LXXXII) w i t h  s i l v e r  oxide__with o r  w i t h o u t  c h lo r o f o r m  as  
s o l v e n t  gave on ly  s t a r t i n g  m a t e r i a l  a f t e r  th e  r e a c t i o n  was 
a l lo w ed  t o  s t i r  a t  room t e m p e r a t u r e  f o r  s e v e r a l  h o u r s .
P ro c e d u re  C — H e a t in g  a s o l u t i o n  of  I4.—form ylphenoxa— 
th i in (L X X X II)  In  t h e  p r e s e n c e  o f  oxygen gave o n ly  r e c o v e r e d  
s t a r t i n g  m a t e r i a l .
P ro c e d u re  D — To 1 .0  g .  (Ij .35  mmoles) o f  Ij.—fo rm y l— 
p henoxa th i in (L X X X II)  i n  50 m l.  of  c a r b o n  t e t r a c h l o r i d e  was 
added a 10$ s o l u t i o n  o f  brom ine  i n  c a r b o n  t e t r a c h l o r i d e  
u n t i l  t h e  s o l u t i o n  r e t a i n e d  a r ed  c o l o r  even  a f t e r  g e n t l e  
h e a t i n g .  The c a rb o n  t e t r a c h l o r i d e  was removed by f l a s h  
d i s t i l l a t i o n  u n d e r  red uced  p r e s s u r e ,  and th e  s o l i d  r e s i d u e  
was s t i r r e d  w i t h  a 5$  s o l u t i o n  o f  sodium h y d r o x i d e .  F i l ­
t r a t i o n  o f  th e  m ix tu r e  and a c i d i f i c a t i o n  o f  t h e  f i l t r a t e  
w i t h  a 5$ h y d r o c h l o r i c  a c i d  s o l u t i o n  gave 0 .1 1  g .  ( 1 0 . 3$) 
of  ij.—phenoxa t h i i n c  a r b o x y l i c  a o i d ( L I I ) ,  m .p .  173—176° .  
S u p e r i m p o s a b i l i t y  of  t h e  i n f  r t  r e d  spec t ru m  of  Lf—phenoxa t h i i n — 
c a r b o x y l i c  a c i d ( L I I )  w i t h  t h a t  of  an  a u t h e n t i c  sample p r e ­
p a re d  by th e  r e a c t i o n  o f  p h e n o x a t h i i n ( L )  w i t h  n - b u t y l l i t h i u m  
(XLI) and th e  m ix t u r e  m e l t i n g  p o i n t  o f  t h e  two s o l i d s  showed 
t h a t  t h e  compounds were i d e n t i c a l .
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P r e p a r a t i o n  o f  U—Formyl-- 6—Phenoxa t h  i  inc  a rb  o x y l i c  
Acid(LXXXIV). P ro c e d u re  A — To 0 .5  g .  (1 .8 2  mmoles) of  Ij.— 
h y d r o x y m e th y l - 6- p h e n o x a t h i i n c a r b o x y l i c  acid(LXXI)  was added 
15 m l .  of  d im e th y l  s u l f o x i d e ,  and th e  s o l u t i o n  was h e a t e d  
u nd e r  r e f l u x  f o r  2 h r . ,  w i t h  oxygen b u b b l in g  th r o u g h  th e  
s o l u t i o n .  The s o l u t i o n  was poured  i n t o  5 m l ,  of  w a t e r  
c a u s i n g  th e  p r e c i p i t a t i o n  of  an orange  s o l i d .  The s o l i d  was 
t h e n  removed by f i l t r a t i o n ,  and was washed s e v e r a l  t im e s  
w i t h  w a t e r  t o  g iv e  a compound, m.p.  237—224.2° ,  which gave a 
p o s i t i v e  2 , l j . - d i n i t r o p h e n y l h y d r s z I n e  t e 3t .  Re c r y s t a l l i z a ­
t i o n  o f  t h e  s o l i d  was e f f e c t e d  by h e a t i n g  w i t h  e t h y l  a l c o h o l  
and a d d in g  w a t e r  u n t i l  c l o u d i n e s s  p e r s i s t e d  i n  t h e  h o t  
s o l u t i o n .  This  p r o c e d u r e  gave 0 .2  g .  (1|.0.5$>) of  I4.— fo rm y l— 
6—phenoxa t h i  ino a rb  o x y l i c  a c i d  (LXXXIV), m .p .  2I4.2—2l|J+A .
The y i e l d  o f  LXXXIV c o u ld  be i n c r e a s e d  t o  66,7%  
by u s i n g  a s m a l l e r  amount o f  d im e th y l  s u l f o x i d e  and b u b b l in g  
th e  oxygen th r o u g h  th e  s o l u t i o n  u n t i l  a s o l i d  began  t o  
s e t t l e  o u t  of  s o l u t i o n  and s i g n s  of  c h a r r i n g  of  th e  s o l i d  
were e v i d e n t .  At t h i s  t im e  th e  r e a c t i o n  was t e r m i n a t e d  and 
worked up a s  d e s c r i b e d  above .
Due t o  the  i n h e r e n t  d a n g e r s  of  f i r e  i n  t h i s  l a t t e r  
p r o o e d u r e ,  th e  f o r m e r  p r o c e d u r e  was used  w i t h  th e  concommi— 
t a n t  d e c r e a s e  i n  y i e l d .
A n a l . C a lc d .  f o r  C^HqO[jS: C, 6 1 . 7 6 ; II, 2 . 9 6 .
Pounds C, 6 2 .1 7 ;  H, 2 . 8 5 .
I n f r a r e d  Speotrum (Model 337,  No. 2 3 8 6 ) :  3325(w),
3 0 5 0 (w), 29 0 0 (w), 1 7 2 0 ( s h ) ,  168 0 ( s ) ,  1 6 0 0 (m), I 5 7 5 ( s h ) ,
155 5 (m), I 5 l 0 ( w ) ,  ll4.50(s),  l l4 2 5 (s ) ,  1 3 9 0 ( a ) ,  1 2 7 0 ( s h ) ,
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1 2 5 0 ( a ) ,  1160 (in), 113G(m), 1085 (m), 1050(m),  1000(w),
9 7 5 (w), 9 2 0 ( a ) ,  8 8 0 ( a ) ,  850(w),  8lO(m), 7 8 5 ( s h ) ,  7 7 5 ( a ) ,
7 5 5 ( a ) ,  730(w ) ,  7 1 0 ( a ) ,  7 0 0 (w ) .
P ro c e d u re  3 — H e a t in g  a m ix tu r e  of  manganese d io x id e  
and ij—hydroxym ethy l—6—p h e n o x a t h i i n c a r b o x y l i c  acid(LXXI) 
r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a v e ry  impure p r o d u c t  showing 
a c a r b o n y l  s t r e t c h i n g  a b s o r p t i o n  band due t o  a ld eh yd e  and 
a c i d  as  w e l l  a s  a h y d ro x y l  s t r e t c h i n g  a b s o r p t i o n  band f o r  
a l c o h o l  and a c i d  i n  th e  i n f r a r e d  sp e c t ru m .  A t tem p ts  t o  
p u r i f y  t h e  p r o d u c t  were u n s u c c e s s f u l .
P r e p a r a t i o n  o f  U.6—P h e n o x a t h i i n d l c a r b o x y l i o  Acid—
10—Oxide(LXXXV). To 5*0 g .  (1 8 .2  mmoles) o f  ij—hydroxym ethy l—
6—p h e n o x a t h i i n c a r b o x y l i c  acid(LXXI) was added 50 m l.  o f  con—  
c e n t r a  t e d  n i t r i c  a c i d .  The ij—h ydroxym ethy l—6—p h e n o x a t h i i n — 
c a r b o x y l i c  acid(LXXI)  d i s s o l v e d  im m e d ia te ly  w i t h  th e  e v o lu ­
t i o n  o f  brown—red  n i t r o g e n  d i o x i d e .  A s o l i d  s t a r t e d  t o  
p r e c i p i t a t e  from th e  s o l u t i o n  a f t e r  3 h r .  s t a n d i n g  a t  room 
t e m p e r a t u r e ,  and th e  p r e c i p i t a t e  c o n t in u e d  to  form d u r i n g  a 
p e r i o d  o f  30 h r .  The p r e c i p i t a t e  was removed by f i l t r a t i o n ,  
was washed w i t h  w a t e r ,  and was r e c r y s t a l l i z e d  from m ethy l  
a l c o h o l  t o  y i e l d  i j .3  g .  (8 2 .7 $ )  of  ij, 6—phenoxa t h i i n d i c a r ­
b o x y l i c  a c i d —10—oxide(LXXXV), m .p .  288—2 90 ° .  An a n a l y t i c a l  
sample p r e p a r e d  by r e p e a t e d  r e o r y s t a l l i z a t i o n  from m ethy l  
a l c o h o l ,  m e l t e d  a t  29ij—2 9 6 ° .
A n a l . C a lc d .  f o r  C^HgOgS: C, 5 5 . 2 6 ;  H, 2 . 6 5 .
Pound: C, 5 5 . 5 8 ;  H, 2 . 3 7 .
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I n f r a r e d  Spectrum (Model 137—B, No. 6581{.): 2900(m, 
b r o a d ) ,  2l|.0 0 (w), l ? 2 0 ( s h ) ,  1 7 0 0 ( a ) ,  l61+0(w), l 6 0 0 (m),
1 5 9 0 (w), li*7 0 (w), ll+6 0 (w), ll f2 0 ( s ) ,  1 2 8 o(m),  12^ 0 (w),
1210(w),  1 1 5 0 ( a ) ,  110 0 (m), 1 0 5 0 ( a ) ,  9it-0 (m), 9 2 5 (m), 8 9 0 ( a ) ,  
8 50 (m), 8 2 5 (m), 7 7 5 ( a ) ,  7 3 5 ( s h ) ,  7 2 5 ( a ) ,  700(w, b r o a d ) .
H e a t in g  th e  f i l t r a t e  c o n t a i n i n g  n i t r i c  a c id  a t  70 3 
f o r  an a d d i t i o n a l  12 h r . ,  c o o l i n g ,  and ad d in g  w a t e r  d id  n o t  
y i e l d  f u r t h e r  p r e c i p i t a t e .  N e u t r a l i z a t i o n  o f  th e  f i l t r a t e  
w i t h  a lj.0$ sodium h y d ro x id e  s o l u t i o n  cau sed  th e  p r e c i p i t a ­
t i o n  of  t a r .
In  one e x p e r im e n t  u s in g  t h i s  p ro c e d u re  th e  s o l u t i o n  
o f  c o n c e n t r a t e d  n i t r i c  a c i d  and I4.—hydroxym ethy l—6—phenoxa— 
t h i i n c  a rb  o x y l i c  acid(LXXI) was s t i r r e d  w i t h  a m agne t ic  
s t i r r e r .  P r e c i p i t a t i o n  o c c u r r e d  a f t e r  15 mln.  o f  s t i r r i n g  
and was com ple te  a f t e r  2 h r .  The p r e c i p i t a t e  was removed by 
f i l t r a t i o n ,  was washed w i t h  w a t e r ,  and was d r i e d  t o  g ive  a 
s o l i d ,  m .p .  278—28 5 ° .  On th e  a s s u m p t io n  t h a t  th e  s o l i d  was 
impure I4, 6—phenoxa t h i i n d i c a r b  o x y l i c  a c i d —10—oxide  (LXXXV), i t  
was s t i r r e d  w i t h  5 7 $ h y d r i o d i c  a c id  t o  y i e l d  a p r o d u c t ,  m.p. 
250—258° ,  whose i n f r a r e d  spec t rum  had a c a r b o n y l  band 
(b ro ad )  a t  1700 c m . I h e  compound h a s  b e en  a s s i g n e d  the  
s t r u c t u r e  o f  impure If—form y l—6- p h e n o x a t h i i n c a r b o x y l i c  a c i d  
(LXXXIV) based  on th e  s i m i l a r i t y  of  t h e  i n f r a r e d  spec t rum  
w i t h  t h a t  of  a u t h e n t i o  I4.—formy 1- 6-phenoxa  t h i i n c  a rb  o x y l i c  
ac id (LXXXIV), p r e p a r e d  from th e  r e a c t i o n  o f  I4.—hy d r  oxyme th y  1— 
6—p h e n o x a t h l i n e a r b o x y l i c  acid(LXXI) and d im e th y l  s u l f o x i d e ,  a 
p o s i t i v e  2 , 1+—d i n i t r o p h e n y l h y d r a z i n e  t e s t ,  and s o l u b i l i t y  in
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a 5$ sodium hy d ro x id e  s o l u t i o n .  When th e  p r o d u c t  o f  m e l t i n g  
p o i n t  278—285° was p l a c e d  i n  c o n c e n t r a t e d  n i t r i c  a c i d  and 
s t i r r e d  f o r  12 h r . ,  & compound, m .p .  265—287° ,  was o b t a i n e d .  
This  compound gave a p o s i t i v e  2 , —d i n i t r o p h e n y l h y d r a z i n e  t e s t ,  
and th e  i n f r a r e d  spec t rum  showed a c a r b o n y l  a b s o r p t i o n  
(b ro ad )  band a t  1700  cm.""'*' and s u l f o x i d e  a b s o r p t i o n  a t  1050 
cm. \  The compound was a c c o r d i n g l y  a s s i g n e d  th e  s t r u c t u r e  
of  impure Lf—formy 1—6—p h e n o x a t h i i n c a r b o x y l i c  a c i d —10- o x id e  
(LXXX.). A l l  a t t e m p t s  t o  p u r i f y  t h i s  compound by r e c r y s t a l — 
l i z a t i o n  from v a r i o u s  s o l v e n t s  were u n s u c c e s s f u l .  The 
p r o d u c t  of  m e l t i n g  p o i n t  250—258° was c o n v e r t e d  i n t o  I+,6— 
p h e n o x a t h i i n d i c a r b o x y l i c  ac id (L X V IIa )  by r e a c t i o n  w i t h  s i l v e r  
o x i d e .  That  the  hy d r  i o d i c  a c i d  d id  n o t  c o n v e r t  I4., 6—phenoxa—  
t h i i n d i c a r b o x y l i c  a c i d - 1 0 - o x i d e (LXXXV) p a r t i a l l y  t o  4 - f o r m y l -  
6—p h e n o x a t h i i n c a r b o x y l i c  acid(LXXXIV) was p roven  by th e  
f a c t  t h a t  whan ! i ,6—phenoxa t h  l i n e  a rboxy  l i e  a c i d —10—oxide  (LXXXV) 
was h e a t e d  g e n t l y  f o r  6 h r .  w i t h  57$ h y d r i o d i c  a c i d ,  on ly  
I ; ,6—p h e n o x a t h i i n d i c a r b o x y l i c  ao id (LX V IIa)  was o b t a i n e d .  
S u p e r l m p o s a b i l i t y  o f  th e  i n f r a r e d  spec t rum  of ij., 6—phenoxa— 
t h i i n d i c a r b o x y l i c  a c i d ( L V I I a )  w i t h  t h a t  o f  an a u t h e n t i c  
sample o f  (L V IIa ) p r e p a r e d  by th e  r e a c t i o n  o f  p h e n o x a th i in  
(L) w i t h  2 e q u i v a l e n t s  o f  n - b u t y l l i t h i u m ( X L I )  and a m ix tu re  
m e l t i n g  p o i n t  o f  th e  two s o l i d s  showed t h a t  th e  compounds 
were i d e n t i c a l .
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P r e p a r a t i o n  o f  I t . 6—P h e n o x a t h i i n d l c a r b o x y l i o  Acid 
(LXVIIa) . P ro c e d u re  A — To 1 .6  g .  (5*53 mmoles) of  I f ,6— 
p h e n o x a t h i i n d i c a r b o x y l i c  a c i d —10—oxide(LXXXV) was added 15 
m l .  o f  a 57$ h y d r i o d i c  a c i d  s o l u t i o n  g i v i n g  an immediate  
b l a c k  c o l o r a t i o n  o f  th e  r e a c t i o n  m ix tu r e  due t o  t h e  p r e s e n c e  
o f  i o d i n e .  A f t e r  s t i r r i n g  f o r  3 h r .  t h e  r e a c t i o n  m ix tu r e  
was poured  i n t o  w a t e r ,  and was h e a t e d  a t  the  b o i l i n g '  temp­
e r a t u r e  f o r  a p p r o x i m a t e ly  0 . 5  h r .  a f t e r  th e  i o d in e  c o l o r a ­
t i o n  d i s a p p e a r e d .  On c o o l i n g  th e  m i x t u r e ,  1 .3  g .  (8 6 .5 $ )  
o f  pure  If, 6~phenoxa t h i i n d i c a r b o x y l i c  a c id  (LXVIIa ) ,  m.p. 
2.69—271° ,  was o b t a i n e d .
S u p e r i m p o s a b i l i t y  o f  th e  i n f r a r e d  s p e c t r a  o f  th e  
above compound (LXVIIa) and th e  If, 6—phenoxa t h i i n d i c a r b o x y l i c  
a c id (L X V IIa)  o b t a i n e d  from th e  r e a c t i o n  o f  p h e n o x a t h i i n ( L )  
w i t h  2 e q u i v a l e n t s  o f  n—b u t y l l i t h i u m ( X L I )  and m ix tu re  
m e l t i n g  p o i n t  o f  t h e  two s o l i d s  showed t h a t  th e  compounds 
ware i d e n t i c a l .
A n a l . C a l c d . f o r  C ^ H ^ S :  0 ,  5 8 . 3 3 ;  H, 2 . 8 0 .
Pound:  C, 5 8 .7 3 ;  H, 2.1+7.
The r e d u c t i o n  o f  (LXXXV) by t r e a t m e n t  w i t h  a 25$
h y d r i o d i c  a c i d  s o l u t i o n  w i t h  s t i r r i n g  f o r  2lf h r .  gave a
p r o d u c t  o f  m e l t i n g  p o i n t  262—2 8 2 ° .  R e c r y s t a l l i z a t i o n  of  th e
s o l i d  from v a r i o u s  s o l v e n t s  f a i l e d  t o  p u r i f y  t h e  compound.
An i n f r a r e d  sp ec t rum  of  th e  compound i n d i c a t e d  t h a t  i t  was
a m ix tu r e  o f  if, 6—p h e n o x a t h i i n d i c a r b o x y l l o  a c i d  (LXVIIa ) ,
“ 1hydroxy  (OH) s t r e t c h i n g  v i b r a t i o n  a t  3lf00 cm. , and ,6 — 
phenoxa th i i ind  i ca  r b o x y l  ic  a c i d —10—o x id e  (LXXXV), s u l f o x i d e
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(S-+0) s t r e t c h i n g  v i b r a t i o n  a t  1050 cm. . The l a t t e r
compound(LXXXV) d id  n o t  show th e  hydroxy (OH) s t r e t c h i n g  
v i b r a t i o n  a t  3^+00 cm.” ’1' .
The f o l l o w i n g  p r o c e d u r e s  removed e n t r a p p e d  i o d in e  
from Lf, 6—phenoxa t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa) i n  b a t c h e s  
of  l e s s  t h a n  2 g . ,  b u t ,  f a i l e d  t o  do so in  b a t c h e s  g r e a t e r  
t h a n  .2 g .  (1) The impure compound was h e a t e d  w i t h  w a t e r  
u n t i l  th e  i o d in e  c o l o r  d i s a p p e a r e d .  (2) The impure com­
pound was d i s s o l v e d  i n  a c e t o n e ,  and th e  s o l u t i o n  was a l lo w e d  
t o  e v a p o r a t e .
The f o l l o w i n g  p r o c e d u r e s  f a i l e d  t o  remove e n t r a p p e d  
io d in e  from Ip, 6-phenoxa t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa) in  
v a r i o u s  s i z e d  b a t c h e s :  (1) r e c r y s t a l l i z a t i o n ,  (2) e x t r a c ­
t i o n  o f  the  i o d in e  from t h e  c rude  s o l i d  w i t h  e t h e r ,  and
(3) e x t r a c t i o n  o f  th e  i o d in e  from th e  c ru d e  s o l i d  w i t h  
c a rb o n  d i s u l f i d e .
The b e s t  p r o c e d u re  found t o  remove e n t r a p p e d  i o d in e  
from i | , 6 —phenoxa t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa) In  v a r i o u s  
s i z e d  b a t c h e s  was t o  s t i r  t h e  impure compound w i t h  a s a t u r ­
a t e d  aqueous s o l u t i o n  o f  sodium t h i o s u l f a t e ,  t h u s  c o n v e r t i n g  
th e  i o d in e  i n t o  i o d id e  i o n s .  The ij.,6—p h e n o x a t h i i n d l c a r — 
b o x y l i c  ac id (LX V IIa)  was n o t  a f f e c t e d  by t h i s  t r e a t m e n t  and 
l e d  t o  th e  r e c o v e r y  of  pure  1+, 6—phenoxa t h i i n d i c a r b o x y l i c  
a c id (L X V IIa ) i n  9 ^ .3 $  y i e l d .
P ro c ed u re  B — To 0 . Ipl g .  (1 0 .3  mmoles) of  sodium 
h y d r o x id e  in  5> m l.  o f  w a t e r  was added w i th  s t i r r i n g  0 .8 9  g .  
(5 .2 5  mmole) o f  s i l v e r  n i t r a t e  c a u s i n g  th e  p r e c i p i t a t i o n  
o f  brown s i l v e r  o x i d e .  vTo th e  r e s u l t i n g  m ix tu r e  was added
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0 .5 6 1  g* (^»5 mmoles) o f  1;—form yl—6 - p h en o x a th iin c a rb o x y lic  
acid(jjAAA±V). A f te r  s t i r r i n g  tne m ixture f o r  4 h r . a t  
room tem perature, th ere  wasjjio ev id en ce  o f  form ation  o f  a 
s i l v e r  m irror . T h erefore , the m ixture was heated  g e n t ly  
f o r  an a d d i t io n a l  4 h r . A b la ck  colored' product se p a r a ted ,  
and a s i l v e r  m irror formed on the s id e s  o f  the r e a c t io n
v e s s e l .  The m ixture was then  f i l t e r e d ,  and the re s id u e  was
washed w ith  warm w a te r .  -'A 5$ h y d ro c h lo r ic  a c id  s o lu t io n  was
added to  the c o o l  f i l t r a t e  t o  cause the p r e c i p i t a t i o n  o f  a
s o l i d  which, a f t e r  r e c r y s t a l i i z a t i o n  from e t h y l  a lc o h o l ,  
and w a ter , gave 0 .5 5  g .  (7 6 .5 $ )  pure 4>6—phenoxath lIn— 
d lc a r b o x y l lc  a c id (n x V ix a ) ,  m.p. 167—1 6 9 ° .  S u p er lm p oa ab ility  
o f  the in fr a re d  spectrum o f  t h i s  compound (LXVIIa) w ith  
th a t  o f the 4*6—p h e n o x a th i in d ie a r b o x y l ie  a c i d (LXVIIa) 
obta ined  by procedure A and m ixture m e lt in g  p o in t  o f  the  
two s o l i d s  showed th a t  th ey  were i d e n t i c a l .
P r o c e d u r e  G — To a s u s p e n s i o n  of  s i l v e r  o x id e , ,  
p r e p a r e d  by m ix ing  a s o l u t i o n  of  2 . 4  g .  (1 4 *^ mmoles) o f  
s i l v e r  n i t r a t e  i n  10 m l .  of  w a t e r  w i t h  1 .2  g .  ( 2 8 .8  mmoles) 
o f  sodium h y d r o x id e  in  10 m l.  o f  w a t e r ,  was added 1 .0  g .
( 3 . 6  mmoles) o f  4 - k y droxy m e th y l—6—p h e n o x a t h i i n c a r b o x y l i c  
ac id (L X X I) .  An a d d i t i o n a l  0 . 5  g .  (1 2 .5  mmoles) of  sodium 
h y d ro x id e  was added a f t e r  1 h r .  and th e  m ix tu r e  was h e a t e d  
a t  40° f o r  12 h r .  The r e a c t i o n  m ix tu r e  was t h e n  co o le d  
and f i l t e r e d ,  and th e  r e s i d u e  was washed w i t h  w a t e r .  The 
f i l t r a t e  was a c i d i f i e d  w i t h  a 5$ h y d r o c h l o r i c  a c i d  s o l u t i o n  
c a u s i n g  th e  p r e c i p i t a t i o n  o f  a s o l i d ,  whioh on r e c r y s t a l — 
l i z a t i o n  from e t h y l  a l c o h o l  and w a t e r  y i e l d e d  0 .2  g .  (21 .1 $ )
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of  pure  I)., 6—phenoxa t h i i n d i c a r b o x y l i c  acid(LXVIIa  ) ,  m .p .  268— 
2 7 1 ° .  S u p e r i m p o s a b i l i t y  o f  th e  i n f r a r e d  spec t rum  of  t h i s  
compound w i t h  t h a t  of  th e  ij., 6—phenoxa t h i i n d i c a r b o x y l i c  a c i d  
(LXVIIa) o b t a i n e d  by p ro c e d u re  A and th e  m ix tu r e  m e l t i n g  
p o i n t  o f  th e  two s o l i d s  showed t h a t  th e  compounds were 
i d e n t i c a l .
P r o c e d u r e s  U n s u c c e s s f u l  f o r  th e  P r e p a r a t i o n  o f  i i . 6 -  
P h e n o x a t h i i n d i c a r b o x y l i c  Ac id ( L X V I I a ) ; (1) The o x i d a t i o n  of
ij—hydroxymethy 1 -6—p h e n o x a t h i i n c a r b o x y l i c  acid(LXXI) w i t h  
chromic a c i d  caused  t h e  o x i d a t i o n  o f  t h e  s u l f i d e  l i n k a g e  t o  
th e  s u l f o x i d e  and gave an  impure p r o d u c t .  (2) The o x ida ­
t i o n  of  ij.—hydroxym ethy l—6 - p h e n o x a t h i i n c a r b o x y l i c  acid(LXXI) 
w i t h  bromide in  c h lo r o f o r m  gave a v e ry  impure compound w i t h  
an i n f r a r e d  spec t rum  showing bands c h a r a c t e r i s t i c  of  the  
s t a r t i n g  m a t e r i a l  a s  w e l l  as bands  c h a r a c t e r i s t i c  of i{.,6— 
p h e n o x a t h i i n d i c a r b o x y l i c  a c id (L X V IIa ) ,  (3) The o x i d a t i o n
o f  ij.—hydroxymethy 1 - 6 - p h e n o x a t h i i n c a r b o x y l i c  acid(LXXI) by 
oxygen i n  b o i l i n g  t e t r a h y d r o f u r a n  gave an  impure p r o d u c t  
which  gave a p o s i t i v e  2 , ij.—d i n i t r o p h e n y l h y d r a z i n e  t e s t .
(ij.) The o x i d a t i o n  o f  ij—fo rm y l—6—p h e n o x a t h i i n c a r b o x y l i c  a c id  
(LXXXIV) w i t h  bromine i n  c a r b o n t e t r a c h l o r i d e  gave o n ly  r e ­
c o v ered  s t a r t i n g  m a t e r i a l .
P r e p a r a t i o n  o f  it. 6—P h e n o x a t h i i n d i c a r b o x y l i c .  Acid 
C h lo r id e  (LXXXVI). To 2 . 0  g .  { 6 . 9i+ mmoles) of  ij.,6—phenoxa—  
t h i i n d i c a r b o x y l i c  ac id (LX V IIa)  was added 20 ml.  of  t h i o n y l  
c h l o r i d e ,  and th e  s o l u t i o n  was h e a t e d  u n d e r  r e f l u x  f o r  1 . 5  
h r .  The r e a c t i o n  m ix tu r e  was c o o le d  t o  room t e m p e r a t u r e ,  and
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e x c e s s  t h i o n y l  c h l o r i d e  was removed by e v a p o r a t i o n  under  
a s p i r a t o r  p r e s s u r e  t o  l e a v e  a l i g h t  g r e e n  r e s i d u e .  The 
r e s i d u e  was r e c r y s t a l ] i z e d  from l i g r o i n  (66—75°)  t o  g ive
2 .0  g .  ( 9 2 .3 fo) o f  I;, 6-phenoxa t h i i n d i c a r b o x y l i c  a c i d  
chloride(LXXXVI),  m.p.  151-1530 .
A n a l . C a l c d . f o r  C ^ H ^ C ^ C ^ S : G, 5 1 .7 1  J H, 1 . 8 6 .
Pound:  0, 5 2 . 6 5 ;  H, 1 . 8 6 .
I n f r a r e d  Spectrum (Model 337, No. 2 3 9 5 ) :  2900(w,
b r o a d ) ,  1 7 9 5 ( a ) ,  1 7 8 0 ( a ) ,  1,590(m), 11*1+0 (m), l l* 1 0 (s ) ,
1280(w),  1 2 l |0 ( s ) ,  1 2 1 0 ( a ) ,  1 1 8 0 ( a ) ,  l l 5 0 ( s ) ,  1085(w),  
9 8 0 ( s h ) ,  9 5 0 (s ) ,  9 3 5 (w) ,  8 6 5 ( a ) ,  8o5(m), 7 8 5 ( a ) ,  7 3 0 ( s ) ,  
690(m),  670(m), 6 5 5 (w), 6 3 0 ( w ) .
An i n f r a r e d  spec t rum  of a c h lo r o f o r m  s o l u t i o n  o f  
[+, 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  c h l o r i d e  (LXXXVI) showed 
a s i n g l e  band a t  1765 cm.“ ^ ( s )  i n s t e a d  of  th e  1795 cm.“ ^ ( s ) ,  
1780 cm.“ ^ ( s )  d o u b l e t .
P r e p a r a t i o n  o f  D i e t h y l  N,N* —(1+,6—P h e n o x a t h l l n b i s — 
c a r b o n y l ) d l g l y c l n a t e ( X C I ) . To 0 . 1  g .  (0 .3 1  mmoles) of 
i|.,6—p h e n o x a t h i i n c a r b o x y l i c  a c i d  c h l o r i d e  (LXXXVI) in  100 ml.  
of  benzene  was added 2 .8 0  g .  (2.1+8 mmoles) of  an  sodium 
b i c a r b o n a t e  s o l u t i o n  and O.O87 g .  ( 0 .6 2  mmoles) o f  g l y c i n e  
e t h y l  e s t e r  h y d roch lo r id e (L X X V ) . The m ix tu re  was s t i r r e d  
f o r  12 h r .  a t  room t e m p e r a t u r e .  A w h i t e  s o l i d  w hich  had 
p r e c i p i t a t e d  d u r i n g  th e  c o u r s e  of  th e  r e a c t i o n  was removed 
by f i l t r a t i o n .  The benzene f i l t r a t e  was s e p a r a t e d ,  and th e  
s o l u t i o n  was c o n c e n t r a t e d  t o  g ive  a compound i d e n t i c a l  w i t h
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t h e  p r e c i p i t a t e .  On r e c r y s t a l l i z a t i o n  of  t h e  combined s o l i d s  
from 95$ e t h y l  a l c o h o l  t h e r e  was o b t a i n e d  0 .07  g .  ( l |9 .3$)  
o f  d i e t h y l  N,Nf—(If,6 - p h e n o x a t h i i n b i s c a r b o n y l ) d i g l y c  i n a t e  (XCI) ,
m .p .  188—1 8 9 . 5 ° .
A n a l . C a l c d . f o r  C22H22N2 °7 S:  c > 5 7 . 6 2 ;  H, Lp.81+.
Pound: C, 57 .855  H, 1+.95-
I n f r a r e d  Spectrum (Model 337, No. 2 3 8 5 ) :  3 3 6 0 ( s h ) ,
3 3 3 0 ( a ) ,  2 9 9 0 (w), 2 9 5 0 (w) ,  1 7 5 0 ( s ) ,  1 7 3 0 ( a ) ,  1 6 6 0 ( a ) ,
l 6 / | 0 ( s ) ,  1605 (w), I5 7 5 (w ) ,  1560 (w),  1 5 2 5 ( a ) ,  l l f50(m),
111.25(a), 1390 (w), 1350 (m), 1310 (w),  1290 (m), 1275 ( e h ) ,
1 2 6 5 ( a ) ,  12)4 0 ( s ) ,  1 2 3 0 ( a ) ,  1 2 1 0 ( s ) ,  1 1 9 0 ( a ) ,  1 1 6 0 ( a ) ,
lll+O (w), 112Q(w), 1 0 9 0 ( a ) ,  1075(w),  1 0 3 0 ( s ) ,  1010 (w), 970 (w),
9 k 0 { m ) ,  9 1 5 (w), 8 9 0 (m), 875(m),  870(w),  8 l0 (m ) ,  8 0 0 (m),
770(m),  7 6 0 ( a ) ,  720(m),  7 0 0 (w),  690(w),  6 5 0 ( s ) ,  630(w).
P r e p a r a t i o n  o f  Dim ethy l  N.N1—( i j . 6—P h e n o x a t h i i n b l s — 
c a r b o n y l  >-L(-~)— d l l u c l n a t e  ( X C I I ) . P r o c e d u re  A — To O.lj.5 g .  
( 1 .5 6  mmoles) o f  I 4 , 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa) 
was added 2 0 -m l.  o f  t h i o n y l  c h l o r i d e ,  and th e  s o l u t i o n  was 
s t i r r e d  f o r  I4 h r .  E x cess  t h i o n y l  c h l o r i d e  was removed by 
e v a p o r a t i o n  un de r  a s p i r a t o r  p r e s s u r e  t o  g iv e  I4 , 6—phenoxa— 
t h i i n d i c a r b o x y l i c  a c i d  chloride(LXXXVI) a s  a y e l l o w  s o l i d .
The s o l i d  was d i s s o l v e d  i n  s p e c t r a l —grad e  c h lo r o f o r m  and 
added t o  1 ml.  of  t r i e t h y l a m i n e  and 0 .6 1  g .  ( 3 .1 2  mmoles) 
o f  L (—)—l e u c i n e  m ethy l  e s t e r  h y d roch lo r id e (L X X X V II ) . The 
r e s u l t i n g  s o l u t i o n  was s t i r r e d  f o r  I48 h r .  a t  room tem pera ­
t u r e  w i t h  no n o t i c e a b l e  p r e c i p i t a t i o n  o f  t r i e t h y l a m i n e  
h y d r o c h l o r i d e .  The r e a c t i o n  m ix tu r e  was h e a t e d  u nd e r  r e f l u x
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f o r  an a d d i t i o n a l  5 h r .  and was c o o le d  and t r i e t h y l a m i n e  
h y d r o c h l o r i d e  p r e c i p i t a t e d  -from s o l u t i o n .  The s a l t  was 
removed by f i l t r a t i o n ,  and th e  c h lo r o f o r m  was a l lo w ed  t o  
e v a p o r a t e  t o  g iv e  a v i s c o u s  o i l  w hich  c o u ld  n o t  be s o l i d i ­
f i e d  by s t a n d a r d  p r o c e d u r e s .
I n f r a r e d  Spectrum (Model 137—B, No. 523S ) 3 3 0 0 ( s ) ,  
2 9 0 0 ( s ) ,  1 7 4 0 ( a ) ,  1710(w),  1 6 5 0 ( a ) ,  l 6 0 0 (w), l 5 5 0 ( a h ) ,
1 5 1 0 (m)j_ 1 4 4 0 (m), I 4 l 0 ( m ) ,  l4 0 0 (m ) ,  1370(m),  1340(m), 
1280(m),  1200(m, b r o a d ) ,  l l 6 0 (m), l l 4 0 ( s h ) ,  1 1 2 0 ( s h ) ,
109 0 (m), 1 0 3 0 ( a ) ,  970(w),  9 2 5 (w, b r o a d ) ,  900(w),  9 7 5 (w),
8 0 5 (m), 7 5 0 ( s ) .
P ro c e d u re  B — To a m ix tu r e  of  26 g .  (2 4 .6  mmoles) 
of  an 8$ sodium b i c a r b o n a t e  s o l u t i o n  and 0 .91  g .  (6 .1 6  
mmoles) o f  L (—)—l e u c i n e  m e th y l  e a t e r  hydrochlor ide(LXXX VII)  
was added 1 .0  g .  ( 3 .0 8  mmoles) o f  4*8—p h e n o x a t h i i n d i c a r ­
b o x y l i c  a c i d  chloride(LXXXVI) i n  50 m l .  o f  b e n z e n e ,  and 
th e  s o l u t i o n  was s t i r r e d  f o r  24  h r .  a t  room t e m p e r a t u r e .
The benzene  phase  was s e p a r a t e d  and a l lo w e d  t o  e v a p o r a t e  
l e a v i n g  a r e s i d u a l  o i l  w h ich  c o u ld  be s o l i d i f i e d  by s h a k in g  
w i t h  c o ld  p e t r o l e u m  e t h e r .  On a d d i t i o n  o f  5$ sodium hy­
d r o x id e  t o  th e  r e s u l t i n g  s o l i d ,  i t  r e v e r t e d  ba ck  t o  an o i l .  
The o i l  was s e p a r a t e d  and shaken  w i t h  5$ h y d r o c h l o r i c  a c i d .  
The o i l  was t h e n  s e p a r a t e d  and s t i r r e d  w i t h  c o ld  p e t r o le u m  
e t h e r  t o  g iv e  0 . 9  g.  ( 5 3 .8 $ )  o f  d im e th y l  N ,N '—( 4 ,8 —phenoxa— 
t h i i n b i s c a r b o n y l ) - L ( —) - d i l u c i n a t e ( X C I I ) , m .p .  60—62°,
[ a ]  ^  —3 0 .6 °  (C 0 .2 7 1 ,  a b s o l u t e  e t h y l  a l c o h o l ) .
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A n a l . C a l c d . f o r  C ^ Q ^ I ^ O y S : C, 6 1 .9 7 ;  H, 6 .3 2 .
Pound:  C, 6 1 .6 0 ;  H, 6 . 3 8 .
I n f r a r e d  Spectrum (Model 137—B, No. 7 0 9 3 ) :  3300(m),
2900(m),  1 7 5 0 ( a ) ,  1 7 3 0 ( s h ) ,  1 6 7 0 ( a ) ,  162+0(3), l 6 0 0 (w ) ,  
l 5 5 0 ( a h ) ,  1510(3 ,  b r o a d ) ,  l l j .70 (sh) ,  lijlj.0(m), l2 j . l0 (a) ,
1350(w, b r o a d ) ,  1 3 2 5 ( a h ) ,  128o(m), 1210(m, b r o a d ) ,  l l 6 0 ( m ) ,  
l l2 j .0 (sh ) ,  1090(m),  1 0 7 5 ( s h ) ,  1030(rn), 9 9 0 (w),  9 7 0 (w),
9 2 5 (w), 9 0 0 (w),  8 7 5 (m), 830(m), 8 l0 ( m ) ,  7 6 0 ( a ) ,  730(w, 
b r o a d ) .
U l t r a v i o l e t  Spec trum :  ^ 303 mu ( lo g  e 3.72+0).max *
P r e p a r a t i o n  o f  D i e t h y l  N.N1 —(I t .6—Phenoxat h i l r i b i s — 
c a r b o n y l ) —L(—)—d i l u o l n a t e  M o n o h y d r a t e ( O I I I ) . To 0 .1 8  g .
( 0 . 6  mmole) o f  Ij., 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  c h l o r i d e  
(LXXXVI) was added 0 .2 3 5  p .  ( 1 .2  mmolea) o f  L (—)—l e u c i n e  
e t h y l  e a t e r  h y d r o c h l o r i d e  (LXXXI) in. 10 m l .  o f  benzene  and
5 . 0  g .  (1+.8 mmole) of  8$ sodium b i c a r b o n a t e  a o l u t i o n .  The 
m ix tu r e  was s t i r r e d  f o r  15 h r .  and th e  s o l v e n t  was a l lo w ed  
t o  e v a p o r a t e  l e a v i n g  an o i l .  A f t e r  w a sh in g  th e  o i l  w i t h  5# 
h y d r o c h l o r i c  a c i d  and 5$ sodium h y d ro x id e  s o l u t i o n s ,  i t  was 
t a k e n  up i n  h o t  a b s o l u t e  e t h y l  a l c o h o l —p e t r o l e u m  e t h e r ,  and 
th e  s o l u t i o n  was a l lo w e d  t o  e v a p o r a t e  t o  g iv e  d i e t h y l  N,Nf— 
(!(., 6—phenoxa t  h i  inb  i  s c a rb  ony 1 ) —L (—) —d i l  uo in  a t  e m onohy d ra  t  e 
( C I I I )  a s  a w h i t e  s o l i d ,  m .p .  2+5—2+7° -
A n a l . C a lc d .  f o r  C30H3qN207S:  C, 6 3 .11).; H, 6 .7 1 .
C a lc d .  f o r  0 3 ( ^ 3 8 ^ 0 7 8  *H2 0: C, 6 1 .2 0 ;  H, 6 . 8 6 .
Pound:  C, 6 1 .2 2 ;  H, 6 . 7 1 .
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
102
I n f r a r e d  Spectrum (Model 137—B, No. 67 32 ) ,  3350(m, 
b r o a d ) ,  2900(m), 17i+0(s) ,  17 1 0 (w),  l650(m, b r o a d ) ,  l6 0 0 (w ) ,  
l 5 5 0 ( w ) ,  l 5 l 0 ( w ,  b r o a d ) ,  ll]i].0(w), ll^lO(w), 1 3 5 0 (a h ) ,
1280(m), 1210(w, b r o a d ) ,  l l 6 o ( m ) ,  l l i ] . 0 ( s h ) ,  1 1 2 0 ( s h ) ,
1090(m),  10 3 0 (m), 970(m),  9 5 0 (w),  9 2 5 (w), 9 0 0 (w), 8 7 5 (m), 
8 l0 (m ) ,  750(w),  7 2 5 ( s ,  b r o a d ) .
P r e p a r a t i o n  of  Dim ethy l  N.N1—( l i . 6—P h e n o x a t h i l n b i s — 
c a r b o n y l  ) - L ( —) - d l p h e n y l a l a n l n a t e ( X C I I I ) . To a m ix tu r e  of 
26 g .  (21]..6 mmoles) o f  an  8% sodium b i c a r b o n a t e  s o l u t i o n  and
I . 3I4. g .  ( 6 .1  mmoles) of L (—)—p h e n y l a l a n i n e  m e th y l  e s t e r  
hydroch lo r ide (L X X X V III )  i n  100 m l .  o f  benzene  was added 1 .0  
g .  (3 -0 8  mmoles) o f  i | . , 6 - p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  c h l o r i d e  
(LXXXVI) in  100 m l .  o f  b e n z e n e ,  and t h e  m ix tu r e  was s t i r r e d  
f o r  21}. h r .  a t  room t e m p e r a t u r e .  The benzene  l a y e r  was 
s e p a r a t e d  and a l lo w e d  t o  e v a p o r a t e  t o  l e a v e  an  o i l  a s  r e s i ­
due .  The o i l  s o l i d i f i e d  on s t i r r i n g  w i t h  p e t r o l e u m  e t h e r  
i n  th e  c o l d .  A f t e r  t r e a t m e n t  of  th e  s o l i d  w i t h  5$ sodium 
h y d ro x id e  and w i t h  5$ h y d r o c h l o r i c  a c i d  t h e r e  was o b t a i n e d
1 .2  g .  ( 6 3 . 8$) of  d im e th y l  N,N1—(l ] . ,6 - -p h e n o x a th i in b i s c a rb o n y l )“ 
L ( - ) - d i p h e n y l a l a n i n a t e ( X C I I I ) , m .p .  71—7 3 ° ,  ^  “ 37*5°
(C O.3 0 6 , a b s o l u t e  e t h y l  a l c o h o l ) .
A n a l . C a lc d .  f o r  C ^ H ^ Q ^ O y S j C, 6 6 .8 6 ;  H, lp.9 5 .  
Pound:  C, 6 6 .7 5 ;  H, 5 . 1 0 ;
I n f r a r e d  Spectrum (Model 137-B, No. 7091}-): 3300(m,
b r o a d ) ,  3000(w),  2900(w ) ,  1 7 5 0 ( a ) ,  1 7 3 0 ( s h ) ,  l 6 6 o ( s ,  b r o a d ) ,  
I6 0 0 (w ) ,  l 5 5 0 ( s h ) ,  1510(3 ,  b r o a d ) ,  ll]l}.0(m), llplO ( s ) ,
1 3 5 0 ( s h ) ,  1 2 8 o ( w ) ,  1 2 5 0 ( s h ) ,  1210(m, b r o a d ) ,  l l 8 o ( w ) ,
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l l 6 0 (w), 111*0 (w), 1110(m), 1090(w)-, 1 0 7 5 (w), 1 0 3 0 (in),
990(w),  9 7 0 (w ) ,  9 2 5 (w), 900(w ) ,  875(m, b r o a d ) ,  86o(w),
830(m),  8 l0 (m ) ,  7 5 0 ( s ,  b r o a d ) ,  7 1 0 ( a ) .
U l t r a v i o l e t  Spec t rum :  ^ 303  mu ( l o g e  3 * 7 82 ) .
max
An .Attempt t o  C v c l l z e  k . 6—P h e n o x a t h i i n d i c a r b o x y l i c  
Acid Chloride(LXXXVI) w i t h  E th y le n e  G lyco l(X C IV ) . To a 
s o l u t i o n  o f  2.I+5 g* (7*5 mmoles) o f  Ip, 6—phenoxa t h i  I n d i e  a r — 
b o x y l i c  chloride(LXXXVI) in  100 m l .  o f  a nhydrous  benzene  was 
added 0.1*7 g .  (7*5 mmoles) o f  e t h y l e n e  g l y c o l  (XCIV) d u r i n g  
0 .5  h r . .  S t i r r i n g  o f  th e  r e s u l t i n g  s o l u t i o n  was c o n t i n u e d  
f o r  18 h r .  The benzene was a l low ed  t o  e v a p o r a t e  t o  l e a v e  a 
r e s i d u e  whose i n f r a r e d  spec t ru m  shows a c a r b o n y l  a b s o r p t i o n  
band a t  1780  cm.""1 (0—Cl)  and a t  1720 cm.- 1  (C~0R). The
p r o d u c t  was s t i r r e d  w i t h  a 5$ sodium h y d ro x id e  s o l u t i o n  
o v e r n i g h t ,  and th e  i n s o l u b l e  p r o d u c t  was i s o l a t e d  by f i l ­
t r a t i o n  t o  g iv e  0.1+ g .  o f  r e s i d u e  h a v in g  th e  f o l l o w i n g  
i n f r a r e d  spec t rum  (Model 137—B, No. 6 9 0 6 ) :  3i*00(s, b r o a d ) ,
1720(m),  1 6 5 0 (w), l6 2 0 (m ) ,  l 6 0 0 ( s ) ,  l 5 5 0 ( w ) ,  l l* 5 o (sh ) ,  
l l * 1 0 ( s ) , 11*00 (w), 1280 ( s h ) , 1260(m),  1220(m),  1200(m),  
l l 5 0 ( w ) ,  1120(w),  1085(m), 1030(m, b r o a d ) ,  910(w),  890(w),  
850(w),  8 l 0 ( s ,  b r o a d ) ,  7 7 0 ( s ) ,  750(m),  7 2 5 (w ) .  The compound 
was assumed t o  be b i s  (2—h y d r o x y e t h y l )  1+, 6—phenoxa t h i  ind  i — 
c a r b o x y l a t e ( C I V ) , A c i d i f i c a t i o n  o f  t h e  f i l t r a t e  y i e l d e d  
I*, 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa ) ,  m .p .  263—26 8° .  
S u p e r i m p o s a b i l i t y  o f  th e  i n f r a r e d  sp ec t rum  o f  JL*, 6—phenoxa— 
t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa) w i t h  t h a t  o f  an  a u t h e n t i c
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sample of  (LVIla)  p r e p a r e d  by th e  r e a c t i o n  o f  p h e n o x a t h i i n  
(l ) and 2 e q u i v a l e n t s  of  n—b u t y l l i t h i u m ( X i j l )  and t h e  m ix tu r e  
m e l t i n g  p o i n t  o f  t h e  two s o l i d s  showed t h a t  the  compounds 
were i d e n t i c a l .
R e a c t io n  of U.6—P h e n o x a t h i i n d i c a r b o x y l i c  Acid 
C h lo r id e  (bXAXVl) w i t h  O -P heny lened iam ine(X C ?) . A s o l u t i o n  
o f  3 . 1  g .  (2 .83  mmoles) o f  O—p h en y len e  diamine(XCV) i n  50 m l .  
o f  benzene  was added o v e r  1 h r .  t o  a m ix tu r e  o f  0.92. g .
(2 .8 3  mmoles) of  1+,6—phenoxa t h i i n d i c a r b o x y l i c  a c i d  c h l o r i d e  
(LXXXVI), 2.1+0 g .  ( 2 2 .6  mmoles) o f  8$ sodium b i c a r b o n a t e ,  
and 50 m l .  o f  b e n z e n e .  On s t i r r i n g  f o r  5 h r .  a s o l i d  p r e ­
c i p i t a t e d  from s o l u t i o n  and was c o l l e c t e d  by f i l t r a t i o n .  - 
The s o l i d  was washed w i t h  5$ sodium h y d ro x id e  and 5$ hydro ­
c h l o r i c  a c i d  t o  g iv e  a s o l i d ,  m .p .  250-325* .  The benzene
f i l t r a t e  was1 a l lo w e d  t o  e v a p o r a t e  t o  g iv e  a s o l i d ,  m .p .  2 5 0 -  
0
330 . The two s o l i d s  were  combined and r e c r y s t a l l i z e d  from 
95$ e t h y l  a l c o h o l  and w a t e r  t o  g iv e  0 .187  g .  (1 8 .2 $ )  o f  pure  
compound, m.p. 325—326° ,  presumed t o  be th e  c y c l i c  a d d u c t  
(XCVI).
A n a l . C a lc d .  f o r  C20H12N2 ° 3 S : C, 6 6 .6 5 ;  H, 3 . 3 6 ;
N, 7 . 7 7 .  Pound: C, 6 6 .6 2 ;  H, 3.1*15 N, 8 .0 5 .
I n f r a r e d  Spectrum (Model 137—B, No. 6 7 1 3 ) :  3l+00(m),
3300(m),  2900(m),  1 6 9 0 ( a ) ,  1 6 5 0 ( a ) ,  l 6 0 0 (m), 1 59 0 (w),
1 5 5 0 ( a ) ,  1500(m), l i+ 5 0 (s ) ,  11+20(3), 131+0(3), 1 2 9 0 ( s ) ,
1 2 6 0 ( s ) ,  121+0(3), 1210(w),  1195 (w), l l 6 0 ( m ) , 1120(w),
1 0 9 0 (w),  1 0 8 0 (w),  9 7 5 (w),  9 5 5 (m), 91+5 (m), 935(m),  88o(w),
8 7 5 (m), 8 0 0 (m), 790(m), 7 6 0 ( a ) ,  7l+0(s),  7 2 0 ( a ) ,  705(m).
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
ic5
P r e p a r a t i o n  o f  P h e n o x a t h i i n —10—Oxide (XCVII) . P ro ­
ced u re  A — To a b o i l i n g  s o l u t i o n  o f  1 5 .0  g .  (0 .0 7 5  mole)  o f  
p h e n o x a t h i i n ( L )  in  350 m l.  o f  95$ e t h y l  a l c o h o l  was added 
1+5 ml.  o f  a 30$ hydrogen  p e ro x id e  s o l u t i o n .  A f t e r  h e a t i n g  
u nder  r e f l u x  on th e  s team b a t h  f o r  3 h r . ,  t h e  s o l u t i o n  was 
t r e a t e d  w i t h  an a d d i t i o n a l  30 m l .  o f  30$ h y d ro g en  p e r o x i d e .  
H e a t in g  was c o n t i n u e d  f o r  an  a d d i t i o n a l  9 h r . ,  and t h e  s o l u ­
t i o n  was a l lo w ed  t o  c o o l  o v e r n i g h t .  The s o l u t i o n  was r e ­
duced i n  volume t o  100 m l . ,  and h o t  w a t e r  was added u n t i l  a 
c l o u d i n e s s  p e r s i s t e d  i n  th e  h o t  s o l u t i o n .  On c o o l i n g  th e  
s o l u t i o n  in  an i c e  b a t h  t h e r e  was o b t a i n e d  1 6 .2  g .  o f  a 
w h i t e  s o l i d ,  m .p .  li+8—156° .  He c r y s t a l l i z a t i o n  o f  t h e  c rude  
s o l i d  from e t h y l  a l c o h o l  and w a t e r  gave 1 2 .6  g .  (7 7 .7 $ )  
o f  p h e n o x a t h i i n —10—oxide  (-X.CV.lj.)  , m .p .  151+—1560 ; L i t .  ( 5 2 ) ,
m .p .  1 5 2 -1 5 3 ° .
P ro c e d u re  B — To a s o l u t i o n  o f  10 g .  ( 0 .0 5  mole)  o f  
p h e n o x a t h i i n ( L )  i n  200 ml.  o f  g l a c i a l  a c e t i c  a c i d  was added 
100 m l .  o f  c o n c e n t r a t e d  n i t r i c  a c i d  and th e  r e s u l t i n g  s o l u ­
t i o n  was warmed f o r  1 .5  h r .  On p o u r i n g  th e  m ix tu r e  i n t o  
lce-^water ,  t h e r e  was o b ta in e d  8 .2  g .  (7 6 .0 $ )  o f  phenoxa— 
t h i i n —1 0 -o x id e (X C V II ) , m .p .  1 5 6 - 1 5 9 ° J L i t .  ( 5 1 ) ,  n . p .  1 5 1 -
15U-0.
P r o c e d u r e  C — To a b o i l i n g  s o l u t i o n  o f  20 g .  ( 0 .1 0  
mole)  o f  p h e n o x a t h i i n ( i i )  i n  300  ml.  o f  95$ e t h y l —a l c o h o l  
was added 1+5 ml.  o f  a 30$ s u l f u r i c  a c i d  s o l u t i o n ,  and th e  
m ix t u r e  was h e a t e d  u n d e r  r e f l u x  on t h e  s team b a t h  f o r  3 h r .  
H e a t in g  was c o n t i n u e d  f o r  a n  a d d i t i o n a l  9 h r .  a f t e r  30 ml.
t
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o f  a 30$ hy d ro g en  p e ro x id e  s o l u t i o n  was a dded .  The s o l u t i o n  
was c o n c e n t r a t e d  t o  100 m l . ,  and h o t  w a t e r  was added t o  th e  
h o t  s o l u t i o n  u n t i l  t u r b i d i t y  p e r s i s t e d .  The p r e c i p i t a t e  
was c o l l e c t e d  and r e c r y s t a l l i z e d  from m e th y l  a l c o h o l  w i t h  
N o r i t  t r e a t m e n t  t o  g iv e  1 3 .0  g .  ( 6 0 .2 $ )  o f  p h e n o x a t h i i n —1 0 -  
ox ide  (XCVII), m .p .  1 5 5 -1 5 8 ° ;  L i t .  ( 5 2 ) ,  m .p .  151+-1560 .
■Anal. C a lc d .  f o r  C^HgO^S: C, 6 6 . 6 5 ;  H, 3 .73*
Found:  C, 6 7 .1 7 ;  H, 3 . ^ 8 .
I n f r a r e d  Spec trum (Model 137—B, No. 301+5) : 2900(w,
b r o a d ) ,  l 5 8 o ( s ) ,  llj.8o(w), 11+50 ( s ) ,  l l ; 3 0 ( s ) ,  l 2 7 0 (m ) ,  1220(m),  
l l 8 o ( w ) ,  1 1 6 0 (w), 1130(m), 1085(w),  I 0 7 0 (w ) ,  10l*0(m, b r o a d ) ,  
9 ^ 0 (w),  8 6 5 ( a ) ,  8 7 5 ( a ) ,  8 2 0 (m), 7 7 0 ( s ; ,  7 6 o ( s ) ,  730(w),  
720(w ) ,  675(m).
U l t r a v i o l e t  Spec trum :  A ClICi3 2 7 5 ( a h ) ,  2 9 3 ( s h ) ,
max
2 9 9 ( lo g  e 3 . 6 1 3 ) .
The R e a c t io n  o f  P h e n o x a t h i l n —10—Oxide(XCVII) w i t h  
Three E q u i v a l e n t s  of  n—B u t y l l l t h l u m ( X L I ) . To a s u s p e n s io n
o f  2 1 .6  g .  (0 .1 0  mole)  o f  p h e n o x a t h i i n —10—oxide(XCVII)  in  
300 m l .  o f  anhydrous  e t h e r  a t  —30° was added 126 ,8  g .  (0 .3 0  
mole)  o f  a 1 5 .1 5 $  a o l u t i o n  o f  n—b u t y l l i t h i u m ( X L I )  in  h ex an e ,  
and th e  m ix tu r e  was s t i r r e d  i n  a s e a l e d  n i t r o g e n  a tm osphere  
a t  —30rt f o r  2 h r .  The r e a c t i o n  m ix tu r e  was t h e n  poured  o n to  
a s l u r r y  o f  s o l i d  c a rb o n  d io x id e  in  e t h e r  and was a l low ed  t o  
s t i r  i n  a hood u n t i l  a l l  t h e  s o l i d  c a r b o n  d io x id e  and e t h e r — 
hexane s o l v e n t  had e v a p o r a t e d .  The s t i c k y  r e s i d u e  weighed 
1+5.0 g .  Tills r e s i d u e  was t h e n  e x t r a c t e d  f o r  75 h r .  i n  a 
S o x h l e t  e x t r a c t o r  w i t h  l i g r o i n  ( 6 6 - 7 5 ° ) .
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E v a p o r a t i o n  of  th e  l i g r o i n  e x t r a c t s  l e f t  1 5 .1  g .  
of  a l i q u i d  r e s i d u e .  A t tem pted  d i s t i l l a t i o n  o f  th e  r e s i d u e  
und e r  reduced  p r e s s u r e  caused  e x t e n s i v e  d e c o m p o s i t i o n .  Re­
c r y s t a l l i z a t i o n  of  th e  p o t  r e s i d u e  o f  t h i s  a t t e m p t e d  d i s ­
t i l l a t i o n  from m e th y l  a l c o h o l  gave I4 .6  g .  o f  s t a r t i n g  
p h e n o x a t h i l n —10—o x id e (X C V II ) .
The s o l i d  l e f t  b e h in d  i n  th e  S o x h l e t  t h im b le  weighed
2 8 .2  g .  Tliis s o l i d  was s t i r r e d  w i t h  150 m l .  o f  w a t e r  and 
th e  i n s o l u b l e  m a t e r i a l  was removed by f i l t r a t i o n  t o  g ive  
an a d d i t i o n a l  2 . 1  g .  of  p h e n o x a t h i l n —10—o x id e (X C V II ) .
A c i d i f i c a t i o n  o f  th e  f i l t r a t e  w i t h  a $% h y d r o c h l o r i c  
a c i d  s o l u t i o n  gave on f i l t r a t i o n  an aqueous f i l t r a t e  and 
a s t i c k y  brown r e s i d u e .
This  f i l t r a t e  was s a t u r a t e d  w i t h  sodium c h l o r i d e  and 
e x t r a c t e d  w i t h  e t h e r  and p e n t a n e .  The e x t r a c t s  were s e p a r ­
a t e d  and s u b j e c t e d  t o  f l a s h  d i s t i l l a t i o n  u nd e r  reduced  
p r e s s u r e  t o  l e a v e  1 6 .5  g .  o f  a l i q u i d  r e s i d u e ,  which  on 
d i s t i l l a t i o n  gave 1 1 .2  g .  o f  v a l e r i c  a c i d ,  b . p .  170—176° ;
L i t .  ( 6 2 ) ,  b . p .  I 8i ] ° , '  The i n f r a r e d  spec t rum  o f  t h i s  
p r o d u c t  was i d e n t i c a l  w i th  a u t h e n t i c  v a l e r i c  a c i d .
The s t i c k y  brown r e s i d u e  was b r o u g h t  i n t o  s o l u t i o n  
by s t i r r i n g  w i t h  100 m l .  o f  warm b e n z e n e .  On c o o l i n g  th e  
benzene  s o l u t i o n  O.lj. g .  o f  2 , 2 ’—d i c a r b o x y d ip h e n y l  e t h e r ( C ) ,  
m .p .  221—230 ° ,  p r e c i p i t a t e d  from s o l u t i o n .  R e c r y s t a l l i z a t i o n  
from 2—butanone  gave pu re  2 , 2 ’- d i c a r b o x y d i p h e n y l  e t h e r ( C ) ,  
m .p .  226—2 2 8 ° ;  L i t  . (53*5^4-) ,  m .p .  2 2 9 -2 3 0 ° .  E x t r a c t i o n  o f  
th e  benzene  s o l u t i o n  w i t h  a 5$ 3odium h y d ro x id e  s o l u t i o n  
and a c i d i f i c a t i o n  o f  th e  aqueous e x t r a c t  w i t h  a 5$ hy d ro—
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c h l o r i c  a c i d  s o l u t i o n  gave no a c i d i c  p r o d u c t .
I n f r a r e d  Spectrum (Model 137—B, No. 3097) — 2 , 2 ' — 
D ic a rb o x y d ip h e n y l  E t h e r ( C ) ,  m .p .  221—2 3 0 ° :  2 9 0 0 ( s ,  b r o a d ) ,
2 3 0 0 (w) , 2200 (w) ,  1 6 8 0 ( a ) ,  l5 7 5 ( w ) ,  llp60(s ) ,  1 ^ 2 0 (mj,
1 2 8 0 (w), 12l|.0(m), 1170(m), l ll j .0(m), 1090(m),  1050(w),
950(a), 890(m), 875(w), 825(m), 8o5(sh), 760(a), 725(w),
6 9 5 (m).
I n f r a r e d  Spectrum (Model 137—B, No. 3253) — V a l e r i c  
A c id :  3000(3 ,  b r o a d ) ,  2700(w),  1 7 2 0 ( a ) ,  l l f70(m),  l l |10 (m ) ,
1390(w),  1280(m, b r o a d ) ,  1200(m, b r o a d ) ,  1100(m),  1050(w, 
b r o a d ) ,  9lj.0(s),  830(w, b r o a d ) ,  750(m).
P r e p a r a t i o n  o f  D ( + ) —P e r ca m p h o r lc  A c i d ( C I V ) . To
200 m l .  o f  w a t e r  a t  0° waa added ,  w i t h  v i g o r o u s  a t i r r i n g
and w i t h  c o o l i n g  d u r i n g  0 .2 5  h r . ,  Ip.3  g .  (0 .0 5 6  mole)  o f
sodium p e r o x i d e .  A s o l u t i o n  o f  10 g .  ( 0 .0 5  mole)  o f  D(-*-)—
cam phoric  a n h y d r id e  waa t h e n  added t o  t h i a  s o l u t i o n  d u r i n g
1 h r .  The m ix tu re  was s t i r r e d  f o r  1 h r . ,  and t h e n  t h e  e t h e r
l a y e r  was s e p a r a t e d  and r e p l a c e d  w i t h  200 m l .  of  f r e s h  c o ld
e t h e r .  The m ix tu re  was t h e n  a c i d i f i e d  w i t h  25 ml.  o f  c o ld
6N s u l f u r i c  a c i d  and waa s t i r r e d  f o r  a p p r o x i m a t e ly  1 min.
The e t h e r  l a y e r  waa s e p a r a t e d ,  waa shaken  w i t h  100 m l .  o f  a
s a t u r a t e d  ammonium s u l f a t e  s o l u t i o n  t o  remove any f r e e
h y d ro g en  p e r o x i d e ,  and waa d r i e d  o v e r n i g h t  a t  0° w i t h  sodium
a u l f a t e .  The s o l v e n t  waa removed by f l a s h  d i s t i l l a t i o n  a t
r educed  p r e s s u r e  l e a v i n g  8 . 0  g .  o f  a m ix tu r e  c o n s i s t i n g  of
P5 1 .3 $  D(+)—percam p h o r lc  a c i d ( C I V ) ,  a s  a v i s c o u s  o i l ,  [ a ]
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( + ) 59.1+°; L i t .  (5 9 ) ,  [ a ]  ^  (+) 55 .1°  (C 5*0, c h l o r o f o r m ) .
Gold p e t ro leu m  e t h e r  f a i l e d  t o  cau se  th e  p r o d u c t  t o  
s o l i d i f y .  The D( + )—p ercam ph o r lc  a c i d  (CIV) was d r i e d  and 
s t o r e d  i n  a vacuum d e s c l c a t o r  o v e r  c o n c e n t r a t e d  s u l f u r i c  
e c i d .
The p a r a c i d  c o n t e n t  o f  th e  8 . 0  g. p r o d u c t  was de­
t e rm in e d  t o  be 5 1 .3 #  by t i t r a t i o n  of  s o l u t i o n s  o f  0.1|N 
a c e t i c  a c i d ,  p o ta s s iu m  io d id e  and 0 .2 0  g .  samples  of  the  
impure p e ra c id (C IV )  w i t h  0.0207N sodium t h i o s u l f a t e .
R e p e t i t i o n  of  t h i s  p ro ce d u re  gave a m ix tu r e  con­
s i s t i n g  o f  2 9 .5 6 $  D(+)—percam p ho r lc  ac id (C IV )  as  a s o l i d .
The low y i e l d  of  D( + )~percam phor lc  a c i d  (CIV) ap p a r ­
e n t l y  r e s u l t s  on lo n g  p e r i o d s  of  s t a n d i n g .  This was e v i ­
denced by C; d e c r e a s e  i n  th e  p e r c e n t  o f  D( + )—percam phor lc  
ac id (C IV )  from 5 1 .3 $  t o  5 . 5 $  on s t o r i n g  i n  a vacuum d e s c i — 
c a t o r  o v e r  c o n c e n t r a t e d  s u l f u r i c  a c i d  f o r  2 weeks .
I n f r a r e d  Spectrum (Model 137—B, No. 6 9 6 9 ) :  3 2 0 0 ( s ,
b r o a d ) ,  2 9 5 0 ( s ) ,  1 7 2 0 ( s h ) ,  1 7 0 0 ( s ) ,  l 5 0 0 ( s h ) ,  ll*8o ( s h ) ,
11+70 (-3) ,  II4.OO ( £)h) ,  1380(m),  1320(w),  1280(w),  12^0 (w),
1 2 0 0 (w), l l 5 0 (w, b r o a d ) ,  1 1 2 0 (w),  10 l 5^ (m), 8 7 5 (m, b r o a d ) ,  
8 0 0 (m, b r o a d ) ,  7 6 0 (m).
R e a c t io n  o f  D(+)—Percam phor lc  Acid(CIV) w i th  D im ethyl
1 . 6—P h e n o x a t h i l n d i o a r b o x y l a t e ( L X V I I I C ) . P ro c ed u re  A. — A
m ix tu r e  o f  0 .7 0 9  g .  (2 . 2I4. mmoles) of d im e th y l  1 , 6—phenoxa— 
t h i l n d i o a r b o x y l a t e  (LXVIIIC) and 3*28 g. (I4..I4.8 mmoles) of 
2 9 .5 6 $  D(+)—p ercam p ho r lc  ac id (C IV )  i n  150 m l .  o f  c h lo r o f o r m  
was s t i r r e d  f o r  two days a t  —12° .  An a l i q u o t  was removed
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and t e s t e d  f o r  t h e  p r e s e n c e  of D(+)—p e rc am p h o r ic  ac id (C IV )  
by th e  a d d i t i o n  o f  sm a l l  amounts o f  p o ta s s iu m  i o d i d e .  An 
immediate  i o d in e  c o l o r a t i o n  i n d i c a t e d  t h e  p r e s e n c e  o f  D( + )— 
p e rc am p ho r ic  a c i d ( C I V ) .  A f t e r  s t i r r i n g  an  a d d i t i o n a l  two 
days a t  3 0 ° ,  t h e  s o l u t i o n  s t i l l  gave a p o s i t i v e  p o ta s s iu m  
Io d id e  t e s t .  A f t e r  s t i r r i n g  f o r  s t i l l  an  a d d i t i o n a l  two 
days a t  room t e m p e r a t u r e ,  t h e  p o t a s s iu m  i o d id e  t e s t  on an 
a l i q u o t  o f  th e  s o l u t i o n  gave on ly  a t r a c e  o f  i o d i n e  c o l o r a ­
t i o n .  A s o l i d ,  w h ich  had s e t t l e d  ou t  o f  s o l u t i o n  d u r in g  
th e  r e a c t i o n ,  was removed by f i l t r a t i o n  and was found t o  be 
D( + ) - ca m ph o r ic  a c i d ,  b a sed  on i t s  s o l u b i l i t y  i n  5% sodium 
'h y d r o x i d e  and s u p e r i m p o s a b i l i t y  o f  i t s  I n f r a r e d  spec t rum  on 
th e  i n f r a r e d  spec t rum  o f  a n  a u t h e n t i c  sam ple .  The f i l t r a t e  
was a l lo w e d  t o  e v a p o r a t e  t o  l e a v e  l . l l f .3  g .  o f  s o l i d  r e s i d u e .  
The w e ig h t  o f  th e  r e s i d u e — h i g h e r  t h a n  t h e o r e t i c a l — i n d i c a ­
t e d  t h a t  i t  c o n t a i n e d  some a c i d  i m p u r i t y  and so i t  was 
s t i r r e d  w i t h  5% sodium h y d r o x i d e .  The u n d i s s o l v e d  s o l i d  
was removed by f i l t r a t i o n  t o  l e a v e  0.1^69 g .  ( 6 0 . 3$) o f  d i ­
m e th y l  1 ,6 —p h e n o x a t h i i n d i c a r b o x y l a t e - 1 0 —oxide  ( C I I ) , m .p .  . 
Iii6—l i | 9 ° . An a n a l y t i c a l  sample p r e p a r e d  by two r e c r y s t a l — 
l i z a t i o n s  from 95%° e t h y l  a l c o h o l ,  gave a m e l t i n g  p o i n t  of  
1 ^ 9 -1 5 1 ° .
The f i l t r a t e  f rom f i l t r a t i o n  o f  th e  sodium h y d ro x id e  
m ix tu r e  was a c i d i f i e d  t o  y i e l d  D(+)—cam phoric  a c i d ,  a s  shown 
'by s u p e r i m p o s a b i l i t y  o f  i t s  i n f r a r e d  spec t rum  w i t h  t h a t  of  
a u t h e n t i c  sam ple .
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A n b l . C a lc d .  f o r  Cl 6 H12° 6 S:  c » 5 5 . 1 7 ;  H, 3 4 5 .
Pound:  C, 5 5 . 5 6 ;  H, 3 4 2 .
I n f r a r e d  Spectrum (Model 137—B, No. 7 3 2 1 ) :  3 ^ 0 0 (w), 
2950 ( v ) ,  17U 0(a) ,  I 6 l 0 ( m ) ,  l5 8 0 (m ) ,  l l+ 75(sh ) ,  4 3 0 ( a ) ,
131+0 (m), 1320 ( a h ) ,  1290 (w), 1275 (w), 121+0 (w),  1220 (w),
1 2 1 0 (w), l l 8 0 ( s h ) ,  1 1 6 0 (m), l l l+0(m),  1090(w),  107 5 (w),
1 0 0 5 (m), 9 8 0 (w), 9l+0(m), 865(m),  8 5 5 (m), 830(m), 8 l5 (m ) ,  
7 6 5 ( a ) ,  7 5 5 (w), 7i+0(m), 7 2 0 (w).
P ro c e d u re  B — R e p e t i t i o n  o f  P r o c e d u r e  A w i t h  1 .0  g .  
( 2 .3 8  mmoles) of  5 1 . 3 $  D(+)~percam phoric  a c i d (CIV) and
0 .5  g .  ( 1 .5 8  mmoles) o f  d im e th y l  l+,6—p h e n o x a t h i i n d i c a r b o x y — 
l a t e  (LXVIIIC) a t  0° f o r  21+ h r .  gave an impure p r o d u c t ,  m .p .  
126—12 8 ° .  On t r e a t i n g  an a l i q u o t  o f  t h e  p r o d u c t  w i t h  
p o ta s s iu m  i o d id e  and a c e t i c  a c i d ,  a f a i n t  i o d in e  c o l o r a t i o n  
was n o t i c e d .  No o p t i c a l  a c t i v i t y  was o bse rv ed  f o r  t h i s  
p r o d u c t .  R e c r y s t a l l i z a t i o n  of  t h e  s o l i d  gave impure d im e th y l  
l+,6—phenoxa t h i  I n d i e  a rboxy  l a  t e - 1 0 —d i o x i d e  ( C I I ) , m .p .  11+3—11+5°. 
S u p e r i m p o s a b i l i t y  o f  th e  i n f r a r e d  spec t rum  of  t h i s  compound 
(C I I )  w i t h  t h a t  o f  d im e th y l  1 + ,6 - p h e n o x a t h i in d i c a r b o x y l a t e — 
10—d i o x i d e ( C I I )  p r e p a r e d  I n  p ro c e d u re  A showed t h a t  th e  two 
s o l i d s  were I d e n t i c a l  compounds.













N u c l e a r  M a g n e t i c  R eso n a n ce  S p e c t r a  o f  S u b s t i t u t e d  P h e n c x a t h i i n
10
S u b s t i t ­
u e n t S o l v e n t
Chemica l  S h i f t  
(P .P .11.)—f  rom IMS
Number o f  
Hydrogens J HH( c . p . s . ) .Assignment
R=H




R=C—OH 7 .3 0 (c o m p le x ) 6 Arom atic
R*=H DMSO 7 . 7 2 ( Q u a r t e t ) * 1 o r t h o  — 8 .0  
meta — 2 . 5
P o s i t i o n  3
R”=H
0 (a)  
II
R=C—H 7 . 1 1 (complex) 6 Arom at ic
R*=H c c i k 7 . 6 5 ( Q u a r t e t ) * 1 o r t h o  — 7 . 5  
meta — 2 . 5
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SUMMARY
A method o f  s y n t h e s i s  of  a c t in o m y c in  a n a lo g s  was 
d eve loped  i n  which  t h e  h e t e r o c y o l i c  sys tem of  t h e  n a t u r a l  
a n t i b i o t i c  was s u b s t i t u t e d  by  th e  c o m m erc ia l ly  a v a i l a b l e ,  
t r i c y c l i c ,  and b i o l o g i c a l l y —a c t i v e  r i n g  sys tem o f  phenoxa— 
t h i i n  (L ) .  In o r d e r  t o  a c c o m p l i sh  th e  s y n t h e s i s  of a n a lo g s  
o f  th e  h e t e r o a r o y l  p o r t i o n  of  a c t in o m y c in ,  th e  s y s t h e s i s  of 
Ip, 6—p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa) was r e q u i r e d .  
M e t a l a t i o n  r e a c t i o n s  on p h e n o x a t h i i n  (L) w i t h  n—b u t y l l i t h i u m  
(XLI) v a r y i n g  n o t  on ly  th e  r e l a t i v e  m o la r  r a t i o  o f  r e a c t a n t s ,  
b u t  a l s o  t h e  t e m p e r a tu r e  o f  th e  r e a c t i o n  were found t o  g ive  
low y i e l d s  of  I p , 6 - p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  (LXVIIa).
A b e t t e r  p ro c e d u re  was t h e r e f o r e  sough t  t o  o b t a i n  th e  
d e s i r e d  d i c a r b o x y l i c  a c i d ,  LXVIIa.
A s a t i s f a c t o r y  s y n t h e s i s  o f  LXVIIa was found u s in g  
a s  an i n t e r m e d i a t e  th e  p r o d u c t  o f  m o n o m e ta la t io n  and c a r — 
b o x y l a t i o n  o f  p h e n o x a t h i i n  (L), ip—p h e n o x a t h i I n c a r b o x y l i c  a c id  
( L I I ) . The a c i d ,  L I I ,  was reduced  t o  ip—hydroxym ethy lphenox—— 
a t h i i n  (LXX) w i t h  l i t h i u m  aluminum h y d r i d e .  The a l c o h o l ,
LXX, was m e t a l a t e d  w i t h  n—b u t y l l i t h i u m  (XLI) and c a r b o x y l a t e d  
t o  g iv e  ip-hydroxymethyl—6—phenoxa t h i i n c a r b o x y l i c  a c i d  (LXXI). 
O x id a t io n  o f  LXXI w i t h  n i t r i c  a c i d  t o  lp,6—phenoxa t h  i  i n d i c a r — 
b o x y l i c  a c i d —10—oxide  (LXXXV) f o l lo w e d  by r e d u c t i o n  w i t h  
h y d r i o d i c  a c i d  r e a d i l y  gave t h e  d e s i r e d  lp, 6—phenoxa t h i i n d i — 
c a r b o x y l i c  a c i d  (LXVIIaJ.
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The accom pl ishm ent  o f  th e  d e s i r e d  s y n t h e s i s  of 
p h e n o x a t h i i n  a n a lo g s  of a c t in o m y c in  p roduced  s e v e r a l  a d d i— 
t i o n a l  sm a l l  problems f o r  i n v e s t i g a t i o n .  (1) O x id a t io n  
r e a c t i o n s  on l | . -h y d ro xy m eth y lp h en ox a th i in  (LXX) and I4.— 
l iydroxymethyl—6—p h e n o x a t h i i n c a r b o x y l i c  a c i d  (LXXI) proved 
t o  be u n u su a l  and were i n v e s t i g a t e d .  (2) ij. , 1 —Dlphenoxa— 
t h i i n y l  ke tone  (LVI) was found t o  be formed i n  t h e  m e t a l a t i o n  
o f  p h e n o x a t h i i n  (L ) ,  and i t s  s t r u c t u r e  and mode of  f o r m a t io n  
were i n v e s t i g a t e d .
Due m a in ly  t o  th e  a v a i l a b i l i t y  of t h e  compounds, 
s e v e r a l  a d d i t i o n a l  s y n t h e s e s  were  a t t e m p t e d .  (1) The 
s y n t h e s i s  of  a c y c l i c  a d d u c t  from th e  r e a c t i o n  of  J4., 6— 
p h e n o x a t h i i n d i c a r b o x y l i c  a c i d  c h l o r i d e  (LXXXVI) and o— 
p h e n y len ed iam in e  (XCV) was exam ined .  (2) The asymmetr ic  
o x i d a t i o n  o f  d im e th y l  1 ,6 —p h e n o x a t h i i n d i c a r b o x y l a t e  
(LXVIIIb) t o  th e  c o r r e s p o n d i n g  s u l f o x i d e  was a t t e m p t e d .
(3) The m e t a l a t i o n  of p h e n o x a t h i i n —10—o xide  (XCVII) was 
i n v e s t i g a t e d  as  a method o f  p r e p a r a t i o n  of  1—p h e n o x a t h i i n — 
c a r b o x y l i c  a c i d  (XCVII).
The n u c l e a r  m agne t ic  r e s o n a n c e  s p e c t r a  o f  the  
p h e n o x a t h i i n  d e r i v a t i v e s  were d e te r m in e d .  These s p e c t r a  
ap p ea re d  t o  i n d i c a t e  i n f o r m a t i o n  a b o u t  th e  r o t a t i o n a l  con­
f o r m a t i o n s  o f  t h e  ke tone  LVI and s u g g e s t  d i f f e r e n c e s  i n  th e  
hyd ro g en  b o n d i n g . o f  I}.,6—d i h y d r o x y m e th y l p h e n o x a t h i in  (LXXII) 
and 1 , 6 —d ih y d r o x y m e th y lp h e n o x a th i in  (LXXII).
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